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MEDICAL APPLICATIONS 


Hitachi’s products are not authorized for use in MEDICAL APPLICATIONS, 
including, but not limited to, use in life support devices without the written 
consent of the appropriate officer of Hitachi’s sales company. Buyers of 
Hitachi’s products are requested to notify Hitachi’s sales offices when planning 
to use the products in MEDICAL APPLICATIONS. 


When using this manual, the reader should keep the following in mind: 
This manual may, wholly or partially, be subject to change without notice. 


All rights reserved: No one is permitted to reproduce or duplicate, in any 
form, the whole or part of this manual without Hitachi’s permission. 


Hitachi will not be responsible for any damage to the user that may result 
from accidents or any other reasons during operation of his unit according 
to this manual. 


This manual neither ensures the enforcement of any industrial properties 
or other rights, nor sanctions the enforcement right thereof. 


Circuitry and other examples described herein are meant merely to indi- 
cate characteristics and performance of Hitachi semiconductor-applied 
products. Hitachi assumes no responsibility for any patent infringements 
or other problems resulting from applications based on the examples 
described herein. 


. No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 
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EPROM- on-chip 


Software 
(1) Accessing Not Used Areas on Memory Map QA635-040A 
(2) Using Bit Manipulating Instruction for Output QA6 35-0238 

Ports 


Evaluation Kit | 


Emulator 


S 


Data Buffer 
(1) Statuses of Address Bus, Data Bus and Control QA635-041B 
Line when the Internal Address Space is Accessed 


Others 


Section 8—Appendix 

Technical Q and A (Part Il) 

8-Bit Single-Chip Microcomputer 
HD6305U0, HD6305V0 


Parallel Port 


(1) Outputting Data from Ports after a Reset 
(2) Serial I/O Pin Status 
(3) Using Port D when Serial I/O is Used 


| Serial Port 


(1) Designating Input or Output Operation of Serial 
I/O Clock Pin 

(2) Using SDR (SCI Data Register) when Serial I/O is 
not Used 

(3) SSR7 (SCI Interrupt Request Bit) Set Timing 

(4) Clearing SSR (SCI Interrupt Request Bit) 

(5) Accessing SDR (SCI Data Register) 

(6) Transmitting and Receiving Data Simultaneously 
through Serial I/0 

(7) Notes on Receiving Data through SCI in External 
Clock Mode 

(8) SCL Operation in External Clock Mode 

(9) Initializing the Transfer Clock Generator 
Prescaler 

(10) SCI Prescaler Initialize Timing and Clock Output 
Timing 


Timer/Counter 


(1) Reading/Writing Data from/into the TDR during 
Timer Operation 

(2) Timer Count-down Timing when External Clock is 
Input _ 

(3) Timer Clock Input Source 

(4) Timer 2 Interrupt Cycles 





QA635-301A 
QA635-302A 
QA635-303A 


QA635-304A 
QA635-305A 
QA635-306A 
QA635-307A 


QA635-308A 
QA635-309A 









QA635-310A 


QA635-311A 
QA635-312A 





QA635-313A 


QA635-314A 


QA635-315A 





QA635-316A 
| QA635-317A 
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899 
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901 
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xiii 


BUS Interface . 





















Interrupt 
(1) Time from Interrupt Occurrence to Interrupt 
Servicing Routine Execution 


QA635-318A 


(2) Schmitt Trigger Circuit of Interrupt Pin QA635-319A 

(3) Servicing an Interrupt after a Reset (CCR I bit | QA635-320A 
initializing) 

(4) Servicing INT External Interrupt while Masked QA635-321A 

(5) Servicing INT2 External Interrupt while Masked QA635-322A 

(6) Servicing SCI (Serial I/O) Interrupt while QA635-323A 
Masked 

(7) Servicing Timer Interrupt while Masked QA635-324A 

(8) Servicing External Interrupt after Returning QA635-325A 
from Standby Mode | 

(9) Servicing Multiple Interrupts : QA635-326A 


A/D Converter 


Oscillator 
(1) Timing of External Clock Input to the Oscillator | QA635-327A 
and E Clock Timing 


Reset 
(1) Port Status at a Reset 


Low Power Consumption 


QA635-328A 


(1) Entering Low-Power-Consumption Modes QA635-329A 
(2) Entering Wait Mode QA635-330A 
(3) Entering Stop Mode QA635-331A 
(4) Returning Time from Stop Mode QA635~-332A 
(5) Standby Mode Timing | QA635-333A 
(6) Returning from Standby Mode QA635-334A 
(7) Executing an Instruction when Entering Standby QA635-335A 


Mode 
(8) Current Consumption in Low-Power-Consumption 
Mode | 


QA635-336A 


~ EPROM-on-chip 


Software 
(1) Using Bit Manipulating Instruction for Output 
Ports 
(2) Accessing Not Used Areas on Memory Map 


QA635-337A 
QA635-338A 
Evaluation Kit 
Emulator 
S 


Data Buffer 


Others 
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QUICK REFERENCE GUIDE 


» CMOS 8-BIT SINGLE-CHIP MICROCOMPUTER HD6305 SERIES 


HD6305U0 HD6305V0 HD6305X0 HD6305X1 
Type No. HD63A05U0 HD63A05V0 HD63A05X0 HD63A05X1 
HD63B05U0 HD63B05V0 HD63B05X0 HD63B05X1 
1.0 (HD6305U0) 1.0 (HD6305V0) 1.0 (HD6305X0) 1.0 (HD6305X1) 
Clock Frequency (MHz) 1.5 (HD63A05U0) | 1.5 (HD63A05V0) | 1.5 (HD63A05X0) | 1.5 (HD63A05X 1) 
LSI . 2.0 (HD63B05U0) | 2.0 (HD63B05V0) | 2.0 (HDG63B05xX0) | 2.0 (HD63B05X1) 
Characteristics Supply Voltage (V) a 5.0 a 5.0 


Operating Temperature (°C) 0~ +70"? Pe eis 
DP-40,FP-54, CP-44 |OP.40,FP-54,cP-44 | DP-64S, FP-64 _| DP-64S, FP-64 
4 


Memory ROM (k byte) 2 
RAM (byte) 








Re |  ; 128 
1/0 Port a | 3 | a2 24 
10 Por input Por Poe oh a fe 3 [7 
Output Port a ed | 16 | - 
[External | ar Se eae eee 2 
1 
iinet pummel __f___2___}__#__}__2 
Ne Mite 2 
p serit tt 
Functions 
| | 
External Memory Expansion oe eo 
Other Features 
HD63705V0C HD63705V0C 
EPROM on Chip Type HD637A05V0C HO637A05V0C = 
HD637B05V0C HD637B05V0C 
HD63P05 YO HD63P0SY 1 
EPROM on the Package Type HD63PA05Y0 HD63PA05Y 1 
HO63PB05 Y0 HD63PBO05Y 1 


Evaluation Chip 


*' Wide Temperature Range (—40 ~ +85°C) version is available. 
tOP; Plastic DIP, FP; Plastic Flat Package, CP; Plastic Leaded Chip Carrier (J-bend leads) 
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HD6305X2 HD6305Y0 HD6305Y 1 HD6305Y 2 
HD63A05X2 HD63A05Y0 HD63A05Y 1 HD63A05Y2 HD63L05F 1 
HO63B05X2 HD63B05Y0 HD63B05Y 1 HD63B05Y 2 


1.0 (HD6305X2) 1.0 (HD6305Y0) 1.0 (HD6305Y 1) 1.0 (HD6305Y 2) 
1.5 (HD63A05X2) | 1.5 (HD63A05Y0) | 1.5 (HD63A0SY1) | 1.5 (HD63A05Y 2) 
2.0 (HD63B05X2) | 2.0 (HDG63BO5Y0) | 2.0 (HD63B0S5Y1) | 2.0 (HD63B05Y 2) 


DOP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 DP-64S, FP-64 


-20 ~ +75 
DP-64S, FP-80 


(19) 


© 8-bit x 1 (with 7-bit prescaler) 


© 15-bit x 1 (combined with SCI) 
Synchronous 


Te bywe [= +(e kbytes [10x byes 


e Low power dissipation modes 
(Wait, stop and standby) 


e8-bit x 1 (with 
7-bit prescaler) 





©8-bit A/D converte 
eLCD driver 
(6 x 7 segment) 
e Low power dis- 
sipation modes 
(Standby and halt) 


HO63P05Y0 HD63P05Y1 
HD63PA05Y0 HD63PA05Y 1 
HD63PBO5Y0 HD63PBO5Y 1 
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1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 


Section 2 
Addressing Modes, CPU Architecture, 
and Instruction Set 
Table of Contents 


AGOIESSING NOdCS ini jcc ante Nee fern hg Seed oe ae KG ees 
CPU ROGISICNS ¢ iad ee oy ae ew ed hake eee SR Pe eS Rees Oe be 
INStKUCHION SOc. ii.83-b eee iba a bas Shee ee ad Rae ee de 
Bit ManibulalOns:¢ sca said yess abe Mes yeas ween 2 Pk dee do eS 
Symbols and Abbreviations. ... 0... 0.0.0.0... eee eee 
Executable INSITUCHONS <2 sind aewad dda Rbde eae dew sedans Vana « 
BIL/BIH Instruction Precaution ........0. 0.0.0.0... eee 


NOTE 


This section 2 applies only to HD6305, HD63P05, and HD63705 devices. The addressing 
modes, CPU architecture and instruction set for HD63L05 can be found in section 5. 
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1.1 Addressing Modes 


(1) 


(2) 


(3) 


(4) 


(5) 





Ten different addressing modes are available. 


Immediate 

Refer to Fig. 1-2. The immediate addressing mode provides 
access to a constant which does not vary during execution of the 
program. 

This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from the 
byte that follows the operation code. 


Direct 

Refer to Fig. 1-3. In the direct addressing mode, the 
address of the operand is contained in the 2nd byte of the 
instruction. The user can gain direct access to memory up to the 
lower 255th address. All RAM and I/O registers are on page 0 of 


address space so that the direct addressing mode may be utilized. 


Extended 

Refer to Fig. 1-4. The extended addressing is used for 
referencing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended address- 


ing instruction requires a length of 3 bytes. 


Relative 

Refer to Fig. 1-5. The relative addressing mode is used 
with branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps to any 
byte in the range +129 to -127. A branch instruction requires a 


length of 2 bytes. 


Indexed (No Offset) 

Refer to Fig. 1-6. The indexed addressing mode allows 
access up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the contents 


of the index register. 
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(6) 


(7) 


(8) 


(9) 


(10) 


14 


Indexed (8—-bit Offset) 

Refer to Fig. 1-7. The EA is the contents of the byte 
following the operation code, plus the contents of the index 
register. This mode allows access up to the lower 51lth address of 
memory. Each instruction when used in the index addressing mode 


(8-bit offset) requires a length of 2 bytes. 


Indexed (16-bit Offset) 

Refer to Fig. 1-8. The contents of the 2 bytes following 
the operation code are added to content of the index register to 
compute the value of EA. In this mode, the complete memory can 
be accessed. When used in the indexed addressing mode (16-bit 


offset), an instruction must be 3 bytes long. 


Bit Set/Clear 
Refer to Fig. 1-9. This addressing mode is applied to the 
BSET and BCLR instructions that can set or clear any bit on page 
O. The lower 3 bits of the operation code specify the bit to be 
set or cleared. The byte that follows the operation code indicates 


an address within page 0. 


Bit Test and Branch 

Refer to Fig. 1-10. This addressing mode is applied to the 
BRSET and BRCLR instructions that can test any bit within page 0 
and can be branched in the relative addressing mode. The byte 
to be tested is addressed depending on the contents of the byte 
following the operation code. Individual bits within the byte to 
be tested are specified by the lower 3 bits of the operation code. 
The 3rd byte represents a relative value which will be added to 
the program counter when a branch condition is established. 
Each of these instructions should be 3 bytes long. The value of 
the test bit is written in the carry bit of the condition code 


register. 


Implied 

Refer to Fig. 1-11. This mode involves no EA. All informa- 
tion needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator and index 


register is included in the implied addressing mode. Other 


instructions such as SWI and RTI are also used in this mode. All 
instructions used in the implied addressing mode should have a 


length of one byte. 
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Index Reg 


Stack Point 


Prog Count 


O5CO 


CCR 





Index Reg 


Stack Point 


Prog Count 


ccR 


fe) 


Fig. 1-3 Example of Direct Addressing 


Index Reg 
Stack Point 


Prog Count 


CATFCB6406E5, 40 | O40C 
ares 


CCR 


Fig. 1-4 Example of Extended Addressing 
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Memory 04C1 
Krewe? 
’ 
8 
8 


A 
Index Reg 
| OR | Stack Point 
Sees rea ct 
PROG BEQ PROG2 04A7 a ee 
O4asy is 
ae 


‘ 8 
2 6 


- 





Fig. 1-5 Example of Relative Addressing 


TABL FCC LI 0088 


Stack Point 
PROG LDA X O5F4 
Prog Count 


CCR 


am 


Adder 
TABL FCB #BF 
FCB #86 
FCB #08 
FCB ¢CF 


PROG LDA TABu X 





Fig. 1-7 Example of Indexed (8-bit Offset) Addressing 
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Stack Point 


Prog Count 


CCR 


eee 










Memory 
, es | 
i] a 
§ 8 





t 
PORTBEQU10001[ BF | 
nee ell 
feet 
Wisecs eres a index Reg 
‘ t 
PROG BCLR6.PORTBOSSFI 10 | Stack Point 
ossof ot 
Wines cea Prog Count 
aeemS 
= ! ees 
r) rt 
t 6 
‘ 8 


EO | 


Fig. 1-9 Example of Bit Set/Clear Addressing 


Memory 


PORTC EQU2.0002[ FO | rv 
aaa 


Index ' 
t c t 


PROG BRCLR 2.PORT C.PROG 20574[ 05. | rog Count 


0s75{ 02 


In this example bit C of the CC 
becomes *’0”’. 


Fig. 1-10 Example of Bit Test and Branch Addressing 


© HITACHI 











Memory 


A 


= 
index Reg 
| ES 


Prog Count 


0588 


CCR 


Ui 


PROG TAX O5BA 


~ 


ll 


| 





Fig. 1-11 Example of Implied Addressing 


1.2 CPU Registers 
This CPU contains five registers available to the programmer. 


They are shown in Fig. 1-12. 


~“ 
© 


Accumulator 


index 


MK 


Register 
13 e) 
Dee PO elcome 
Counter 
13 5 O 


6 
foJofofofofofs fs sr Bainter 


Condition 
C {Cod 
LHL IN| Z}C} code 
garrbh 
Zero 
: Negative 
Interrupt 
sa Mask 
| Half 


Carry 


Fig. 1-12 Programming Model 


(1) Accumulator (A) 


The accumulator is an 8-bit general purpose register which 


holds operands and results of the arithmetic operations or data 


manipulations. 


@ HITACHI 
18 


(2) Index Register (X) 
The index register is an 8-bit register used for the indexed 


addressing mode. It contains an 8-bit value which is added to an 
offset to create an effective address. 

The index register can also be used for data manipulations 
with read-modify-write instructions. 

When not performing addressing operations, the register can 


be used as a temporary storage area. 





(3) Program Counter (PC) 
The program counter is a 14-bit register which contains the 


address of the next instruction to be executed. 


(4) Stack Pointer (SP) 
The stack pointer is a 14~bit register containing the address 


of the next free location of the stack. Initially, the stack 
pointer is set to location $O00FF. It is decremented as a data is 
pushed on to the stack and incremented as data is then pulled out 
of the stack. The 8 high-order bits of the stack pointer are fixed 
to 00000011. During an MCU reset or a reset stack pointer (RSP) 
instruction, the pointer is set to location $00FF. Subroutines and 
interrupts may be nested down to $00Cl1, which allows programmers to 
use up to 31 levels of subroutine calls and 12 levels of interrupt 


responses. 


(5) Condition Code Register (CCR) 
The condition code register is a 5-bit register indicating the 
results of the instruction just executed. These bits can be 
individually tested by conditional branch instructions. Each bit 


is described in the following paragraphs. 


(a) Half Carry (H) 
When set, this bit indicates that a carry occurred between 


bit 3 and 4 during an arithmetic operation (ADD, ADC). 


(b) Interrupt (I) 

Setting this bit masks all interrupts except for software 
ones. If an interrupt occurs while this bit is set, the interrupt 
is latched and is processed as soon as the interrupt bit (I) is 
cleared. (More precisely the interrupt enters the servicing 


routine after the instruction next to the CLI is executed.) 
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1.3 


(c) Negative (N) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation is negative. (Bit 7 


in the result is a logical "1".,) 


(d) Zero (Z) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation is zero. 


(e) Carry/Borrow (C) 
When set, this bit indicates that a carry or borrow occurred 
during the last arithmetic operation. This bit is also affected by 


bit test and branch instructions, shifts and rotates. 


Instruction Set 


The HD6305U0, HD6305V0, and HD63705V0 MCU provide object codes 
upward compatible with the HD6805 family. They are designed to save 


execution time of key instructions in order to improve through put. 
3 additional instructions; DAA, WAIT, STOP; are available. 


The HD6305U0, and HD6305V0, HD63705V0 MCU have 62 basic instruc- 
tions. They can be classified into five categories: register /memory, 
read-modify-write, branch, bit manipulation, and control. The details 
of each instruction are shown in the following tables. All the 


instructions in a given type are presented in individual tables. 


(1) Register/Memory Instruction 


Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other is obtain- 
ed from memory by using one of the addressing modes. The un- 
conditional jump .JMP) and the jump to subroutine (JSR) instruc- 


tions have no register operand. Refer to Table 1-1. 


(2) Read-Modify-Write Instructions 


These instructions read a memory location or a register, 
modify or test its contents, and write the modified value back to 
memory or to the register. The test for zero (TST) instruction is 
an exception to the read-modify-write instructions since it does 


not write data. Refer to Table i-2. 
© HITACHI 








(3) 


(4) 


(5) 


(6) 


(7) 


Branch Instructions 


The branch instruction cause a branch from the program when 


a certain condition is met. Refer to Table 1-3. 


Bit Manipulation Instructions 
These instructions are used on any bit in the lower 255 bytes 
of the memory. Two groups are available, one either sets or 


clears and the other performs the bit and test branch operations. 
Refer to Table 1-4. 


Control Instructions 


These instructions control the MCU operation during program 
execution. Refer to Table 1-5. 


Alphabetical Listing 
Table 1-6 lists the complete instruction set in alphabetical 


order. 


Operation Code Map 
Table 1-7 is an operation code map for the instructions 


used on the MCU. 
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Table 1-1 Register/Memory Instructions 








Addressing Modes 
| Indexed | Indexed | Indexed Boolean/ Condition 
Operations Arithmetic Code 
immediate Extended | (No Offset) | (8-Bit Offset) | (16-Bit Offset) Operation 





efoto el fort = on fr z[c 
Load A from Memory LDA AS] 2 | 2 |B6| 2 | ic6] 3} 4 Fé] 1 | 3 | e 
Load X from Memory e 
Store A in Memory e 
Store X in Memory o 
Restle nae [ALA 
Add Memory and Carry 
toA A 
Subtract Memory AIA 





Subtract Memory from 





A with Borrow 
AND Memory to A A4 B4 21 3 
a eee SECREGBEoH 
Exclusive OR Memory 

= Peer 
Arithmetic Compare A | 

with Memory Al Ee alee 
Arithmetic Compare X 

nn Po delle 
Bit Test Memory with 

A (Logical Compare) cage dee elels. 
Jump Unconditional JMP |= | —| —[BC| 2 | 2 [cc] 
Jump to Subroutine | JSR | — | —| —[80) 2 | 5 [co] 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 





Table 1-2 SOS /MOO TE ie: Instructions 


Addressing Modes 


indexed Indexed en 
Operations Boolean/Arithmetic Operation Code 
Implied(A) | Implied(X) (No Offset) | (8-Bit Offset) 





Increment 4C aC ae 7C 
. Decrement Bc 7A 
Clear 5 | 6F 





Complement ow [a oe Boe 73+ [5 tae oMM 

Negate OO—A +A or OO—X +X 

(2's Complement) or OO—-M-+M @l@lAIAILA 

soca Mesilla renee ote |*|*[*[4]* 
Cc 

25 |78/ 1/5 je8/ 2/6 

[a ols [fol 2s 


Arithmetic Shift Right sa farls| cfs] ay 37 
Arithmetic Shift Left ASL {48} 1 | 2 [58] 1 | 2/38] 
Test for Negative 

or Zero 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 
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Table 1-3 Branch Instruction 


Addressing Modes a 
ee Condition Code 





Operations Relative Branch Test 


OPE SE se | 
20{ 2 {| 3 


Branch Always 
Branch Never 


te a RN TL 


Branch IF Higher 
“Branch IF Lower or Same 






| i] 


me eer RS eA ey et vestemnsnnt rt oitereirainti: 


(Branch IF Higher or Same) 
Branch IF Carry Set 
“(Branch IF iF Lower) 

Branch IF Not Equal 
Branch IF Equal 

4 Branch IF Half Carry Clear 
“Branch IF Half Carry Set 
“Branch IF Plus 
“Branch IF Minus” 
“Branch IF | Interrupt Mask _ 
Bit is Clear 
“Branch IF Interrupt Mask 
Bit is Set 


“Branch IF Interrupt Line 


$ 


\@!@ei/el\el/el(ejo 

















| 


is Low 
Branch IF Interrupt Line 


Branch to Subroutine 





Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 


Table 1-4 Bit Manipulation Instructions 


Addressing Modes Boolean/ 
Operations Bit Set/Clear | Bit Test and Branch | Arithmetic 


or [a[=[ oF [a -] Omratn 
Sanch BH woe_| BAST HMSO A] —— f= | en 
Branch IF Bit n is clear | BRCLR n(n=0---7)| — | —| 
Set Bit PaSET nin=O-7) [TOrEALD 
Gear Bit PBGLA nin=o-7) [1142 nf 2 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 






Branch Condition Code 
Test 


4 
HOES 
tft foley 
i 
$ 
Ea 
e 
a 
® 
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Table 1-5 Control Instructions 


| Addressing Modes, Modes on 
Operations oe Boolean Operation Condition Code 
| pHi ini zie 


Transfer A to X ar ee 
Transfer X to A LO ° 
Set Carry Bit Scar senes i= pefelelel 
Clear Carry Bit 98 | 1 0-C | @ | 
Set Interrupt Mask Bit SEI 9B | 1 | 1-1 
Clear Interrupt Mask Bit CLI | 9A] 1 | O-! 

Software Interrupt 83 | 1 | 10 | = 
Return from Subroutine RTS g1 {1 [5 | a 


oO 





Return from Interrupt RTI | 8 
| Reset Stack Pointer RSP 9 
No-Operation NOP 


| 





alae 
bid 
ae 
| 
BOooeo000 





Decimal Adjust A tee | 2 | Converts Binary add of BCD charcters into 

Stop STOP | 8E | | 

Wait wait {ert 1 [4 fost 

Symbols: Op = Operation * Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance.) 
# = Number of bytes 


~ = Number of cycles 





Table 1-6 Instruction Set (in Alphabetical Order) 





Addressing Modes Condition Code 
Mnemonic Indexed | Indexed | Indexed = Test & 

Immediate | Direct | Extended esi —a — (8- — (16-Bit) | Clear Branch Cc 
ge OO x x |] | _fafearye 
ADD Sey at a oe Sn xe x fe a 
and_| ‘|x |x xx ee Te 
ae AES Ge A BEN CR OE A ele EN TSA CES 


LALA 
ASR ee aes RE Ee ee A ee es ee ee Ala 
BCC ices ee [eee eee fo ° 


2 ee ee Bates | ieee Sere ae eee ae oe ees 
BCS ee eae Geen [Fee (eRe erence Dene 
SEQ ap a ° 
Be alee et ee ce ee Al ee ee nl | if etelelele 
BHCS an eae ee ees ee po PEE e 
BHI ees |e a eT ee ee EES ° 
ee SE SI Dis (cai Se ee es jelelelele 
BIH ee sete ele E a cae Doe alee ee oe ee ae i ell OOO ee 
BIL Neh ee ee cl ec et ee OO) SS 
BIT Hf A ° 
ae ee ee ae es ee ee ee Cae eee Oa 
BLS oo ° 
“BMc pa eae (a ae (ae Sa a Cs een 
ae (es Ce eee eee Cees ce ee eee ee eee ee Oa 
BMS a ee Sas, aaa (RS ee (eee (eae (eer (a ee CE 
_BNE es eT ie ee ae eee eee ee ee ee 
BPL ea aaa SON See Ee is meee eens nee ee cee EE: 
BRA ae i A cee eee ee Eee eee Oe 
Condition Code Symbols: ; (to be continued) 
H Half Carry (From Bit 3) C — Carry/Borrow . . 
|. Interrupt Mask A Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
Z = Zero ? 


Load CC Register From Stack 
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Addressing Modes Condition Code 


Bit Bit 
Indexed | Indexed | Indexed Set Test & 
Extended| Relative | (No Offset); (8-Bit) | (16-Bit) Clear Branch | H Cc 
ic ee (a 
x 


Mnemonic 


Implied 
a a 
a eee 





Nee Sec a ae ee ee ee 
BRCLR bn PUTT x feo feotola 
BRSET ar ee ee ee es ee ee ee 
BSET sce cee Seal tee sree eas eee eel ee eee olla te jelelelele 
BSR ae See RE Se se ee ens | le lelelele 
cLC Px fT fo efoto 
cul | ae SEE a ee DOE eee Coe fel olelele 
CLR ae ee ee ee oe ee el ee | felelolitte 
CMP leet guage x | x | x ff felelajata 


COM ae ee ae ae AE a ee Se 
CPX ee ce ee ee OA 
Saar Rs ER SEES PN area (ae Sees eee: eee Dee eee OS 
DEC Etat led sage ae ee ee ee ee ee eee ES 


x |x 


EOR ae Nc OARS 
INC ae eee eee Ae aes eee Ce See ae ee | fellate 
as —————Ee Lo ee leyels 
ee een ee ee x ee EE. 
LOA a ea ee ee ee 
LOX eee ie ee ee Se ee ee ee es 
LSL Eee Sees er GA cis ee eee PN, (Ee, eee ee ee Ces erie me SS 
LSR x eae es eS ee ee ee ee ee rs 
NEG meee eae ae on a er te eal ejelalala 
Ope a geen ee eee | OO ee 
ORA FRR ae i Ws ee a ee es ee ES 
ROL 


= Seca aN tae SR el Ba ae ae anaes 

a SO IK 
a OO 
SS YE 
ns a 


Hamp pp i ee ee I 
SEI [ee ek (cee eee ee Ee aie i ees eee 
STA See Ee fe SM te ee al ota eR el a OS AAS 
STOP fee ee -__TeTotelete 
ST ee ee x -—Tefetatate 
0 ek ee ae ee n 
Swi Ean ae ener Rn (Na (ne: een PO ee A TRU 
TAX eae ct oes ele cee eral aan inoce ee Sul mae, aes, alles gal cen aan OOS) Oe 
TST ie ec seer gee ll che eat NN ee all once Ne cee ee AN 
TXA ie Sa ae RES sein AR I Skee ee ee ee 
war tT x Tt foo ltele 
Condition Code Symbols: 

H Half Carry (From Bit 3) Cc Carry/Borrow 

{ Interrupt Mask A Test and Set if True, Cleared Otherwise 

N Negative (Sign Bit) ® Not Affected 

Z Zero ? Load CC Register From Stack 
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Table 1-7 Operation Code Map 

















Register/Memory 
Test & Set/ 

Leer | cow | mw [om a | x |x| x0] |e] ec 

po | vt df 2 Paya sjef7{elsl{alelec|o|e| F |—wcn 
| 0} BRSETO | BSETO NEG RTI | — | SUB | O- 
Pr [erciro |~ecuro [ern | —SS~iTS| | SMP Sd 
p2[erseri | eseri [BHI - P= = SBC Ee 
(3 | BRCLAI COM swry— [Px SC* 
ra [erser2 [eser2 | ecc [| isk | — | — AND rae 
ps[erctra | acura | ecs | — ~+i|-i|-if| om ——S—SS—=~dCS;, 
re[ ersers | esers | ene | ROR «| — | — LDA iG 
BRCLR3 | BCLR3 | BEQ | ASR | — {TaAx'| — | STA stat] 7 
Pe[ersera | esera | BHCC | _isu/asi =| — [uct], SCOR «Sd 
raf ercura [acura | pacs | —sROL_SSSS=*| CS‘ SEC ADC =e 
pay ersers | esets [ em [bec ‘| —jar| —ORA—~s———CSA 
pe[ercuas | ecurs [emi [  — *| —‘iser| SADC 
BRSETE BMC P= jase] [ary 
PD | BRCLRG | BCLRE | BMS [isi [TSTI=1) [DAA'| NOP |aSA'] ISRC+2) | ISRC+ 1) [sara] | 
Pe | BRSET? af CSO - | CSCC‘ 
BRCLA7 aw [CLR «dA ITA] — [Tx six 

2/5 TA 375 [2/4 | 173 





(NOTES) 1. ‘‘—' is an undefined operation code. 
2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 
The number of cycles for the mnemonics asterisked (*) is as follows: 


RTI 8 TAX 2 
RTS 5 RSP 2 
swi 10 TXA 2 
DAA 2 BSR 5 
STOP 4 CLI 2 
WAIT 4 SEI 2 


3. The parenthesized numbers must be added to the cycle count of the particular instruction. 


(11) Additional Instructions 
The following new instructions are used on the HD6305, 
and HD63705. 


DAA Converts the contents of the accumulator into BCD code. 


WAIT Causes the MCU to enter the wait mode. 


Refer to "2.9 Low Power Consumption Mode". 


STOP Causes the MCU to enter the stop mode. 


Refer to "2.9°Low Power Consumption Mode". 


© HITACHI 
26 





1.4 Bit Manipulation 


The HD6305, HD63705 MCU can use a single instruction (BSET or BCIR) 
to set or clear one bit of the RAM or an I/O port. 


Every bit of memory or I/O within page 0 ($00 \ $FF) can be 
tested by the BRSET or BRCLR instruction depending on the result of 
the test, the program can branch to required destinations. Since 
bits in the RAM, or 1/0 can be manipulated, the user may use a bit 
within the RAM as a flag or handle a single I/O bit as an independent 
I/O terminal. Fig. 1-13 shows an example of bit manipulation and the 
validity of test instructions. In the example, the program is con- 
figured assuming that bit 0 of port A is connected to a zero cross 


detector circuit and bit 1 of the same port to the trigger of a triac. 


The program shown can activate the triac within 10uUs from zero- 
crossing through the use of only 7 bytes on the ROM. The internal timer 
provides a required time of delay and pulse width modulation of power is 


also possible. 


BRCLR 0, PORT A, SELF 1 
BSET 1, PORT A 


BCLR 1, PORT A 





Fig. 1-13 Example of Bit Manipulation 
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1.5 Symbols and Abbreviations 


(1) 


(2) 


(3) 


Shown below are the meanings of symbols and abbreviations. 


Operation 

()= contents 

«+ = movement direction 
+ = addition 

- = subtraction 

A = AND 

v = OR 

® = Exclusive OR 


NOT 


vad 
HI 


Register symbols in CPU 
ACCA = accumulator A 


CCR = condition codes register 


IX = index register, 8 bits 

PC = program counter, 14 bits 

PCH = the six most significant bits of program counter 
PCL = the eight least significant bits of program counter 


SP = stack pointer, 6 bits 


Memory and addressing codes 

M = stored address 

MH = the eight most significant bits of stored address 
ML = the eight least significant bits of stored address 
M+l = stored address M plus 1 


Msp stored address indicated by stack pointer 
Imm = immediate value 


Disp = displacement value = M —- (IX) 


D = displacement value = M — (IX) 

DH = displacement value = the eight most significant bits 
DL = displacement value = the eight least significant bits 
Rel = relative value 


IMPLIED = implied addressing 
RELATIVE = relative addressing 
ACCUMULATOR = accumulator addressing 
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(4) 


(5) 


(6) 


(7) 


(8) 


INDEX REG. = index register addressing 
IMMEDIATE = immediate addressing 
DIRECT = direct addressing 

EXTENDED = extended addressing 

INDEXED 0 BYTE OFFSET 
INDEXED 1 BYTE OFFSET 
INDEXED 2 BYTE OFFSET = indexed addressing 2 byte offset 


indexed addressing 0 byte offset 


indexed addressing 1 byte offset 


EA = effective address 





Contents of bits 0 through 4 of condition codes register 


C = carry - borrow bit 0 
Z= zero bit 1 
N = negative bit 2 
I = interrupt mask bit 3 
H = half carry from bit 3 to bit 4 bit 4 


Status of each bit before execution of instruction 
An = bit n of ACCA (n = 7, 6, 5, ...., 0) 

Mn = bit n of M (n = 7, 6, 5, ...., 0) 

Xn = bit n of IX (n = 7, 6, 5, ...., 0) 


Status of each bit on result after execution of instruction 


Rn = bit n of result (n = 7, 6, 5, ...., 0) 


Symbols on instruction's format 

P = each addressing mode on Immediate, Direct, Extended and 
index of 0, 1 and 2 byte offset 

Q = each addressing mode on Direct and index of 0 and 1 byte 
offset 

A = accumulator addressing mode 

xX 


index register addressing mode 
DR = direct addressing mode 
dd = relative operand (8 bits) 


n= bit n of memory (n = 7, 6, 5, ...., 0) 


Status of HD6305's interrupt pin 


INT = status of interrupt pin (high, low) 
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1.6 Executable Instructions 


Arithmetic Operation 










ADC (ADd with Carry) | 






Condition Codes 


H: Set if a carry occurs from bit 3; 
otherwise reset. 

I: Not affected. . 

N: Set if the most significant bit of 
the result is set; reset otherwise. 

Z: Set if the result is 0; otherwise 
reset. ; 

C: Set if a carry occurs from the 
most significant bit of the result; 

otherwise reset. 














ACCA « (ACCA) + (M) + (C) 


Adds the contents of the carry bit C to the sum of the contents of ACCA and M 
and stores the result into ACCA. 


Addressing Mode and Number of CPU Cycles 
| Operand ee | eee 
Mod Mnemonic : : of CPU 
Aes jee B yte 2 1 Byte 3] bytes 
! 


Addressing 


NDEXED 0 BYTE | 
OFFSET iDisp ,X E9 

INDEXED 2 BYTE 1, 

OFFSET ‘Disp, D9 1 DH ' DL 


0100 B6 02 VAL2 EXVAL5 ,EXVAL6)+(VAL1 ,VAL2) 
0102 CB 0006 EXVAL6 =(EXVAL5, EXVAL6) 
0105 C7 0006 EXVAL6 | 
0108 B6 01 VALI 

010A C9 0005 EXVAL5 
010D C7 0005 EXVAL5 


ADC _ 
ADC 
ADC 
DC 
ADC 
ADC 
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Arithmetic Operation 


ADD (ADD without carry) 
Condition Codes 


H: Set if a carry occurs from bit 3 
otherwise reset. 

I: Not affected. 

N: Set if the significant bit of the 
result is 1; otherwise reset. 

Z: Set if the result is 0; otherwise 
reset. 

C: Set if a carry occurs from the 
most significant bit of the result; 

otherwise reset. 
















Format 


ADD P 


ACCA « (ACCA) + (M) 






Description 


Adds the M contents to ACCA contents, and stores the result into ACCA. 


Addressing Mode and Number of CPU Cycles _ 
aderessane | operand 


| 
Mode Byte 1 i Byte 2 1 Byte 3 bytes 
! 
IMMEDIATE A #Imm AB 

A 


D 
D 


D 
DIRECT D 


NDEXED 0 BYTE 
OFFSET ADD 


INDEXED 1 BYTE 
OFFSET ADD 


INDEXED 2 BYTE 
OFFSET 


ww) 

. 

” 
oS 





0110 B6é 10 VALI (VAL1)+(WORK)=(RESULT ) 
0112 BB FF WORK i 
0114 B7 50 RESULT am 
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Logical Operation 


: Not affected. 

: Not affected. 

: Set if the most significant bit of 
the result is "1"; otherwise reset. 

: Set if the result is "0"; otherwise 
reset. 

: Not affected. 


ACCA + (ACCA) A (M) 












Description 


Performs logical AND between the ACCA contents and the M contents, and 
stores the result into ACCA. | 


Addressing Mode and Number of CPU Cycles 


es : Byte l i Byte 2 1 Byte 3 bytes 
4 


IMMEDIATE A 


es) 

7 
te 
B 


INDEXED 1 BYTE 

OFFSET AND i Disp ,X E 
INDEXED 2 BYTE ; 
OFFSET D 


?) 
> > 
i] 

B 


oO 
= 
=) 


& 


| 
> 


0107 F6 | 0,X ERASE UPPER 4 BITS 
0108 A4 OF #$0F y 


O10A F7 0,X RESTORE) 


( 
010B 5C | X * 
010C 20 F2 LOOP * 
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Shift and Rotation 


Condition Codes 


: Not affected. 
I: Not affected. 
N: Set if the most significant bit of 

the result is "1"; otherwise reset. 
Z: Set if the result is "0"; otherwise 
reset. 
C: Set if the most significant bit is 
"1" before shifting; otherwise 
reset. 




































Shifts the contents of ACCA, IX or M1 bit to the left. The bit 0 is 
loaded with "0". The carry bit C is loaded with the bit 7 of ACCA, IX or 
M. 







arma 3 Sumber 





Q1OE B6 FF 

0110 48 CHECK A BRANCH FOLLOWING BIT 

O11] 25 2E BITON a 7-6-5-4-3-2-1-0 
0113 BITOFF = 





0113 AE 64 #100 


© HITACHI 








| Shift and Rotation | 





: Not affected. 

: Not affected. 

: Set if the most significant bit of 
the result is "1"; otherwise reset. 

: Set if the result is "0"; other- 
wise reset. 

: Set if the most significant bit is 
"1" before shifting; otherwise 
reset. 


Shifts the contents of ACCA, IX or M 1-bit to the right. The bit 7 is 
not affected. The bit 0 is loaded into the carry bit C. 


Addressing , 
Mode Byte 1 i Byte 2 1 Byte 3] bytes 


0143 37 FF BRANCH OPTION (KEEPING BIT 7) 
0145 25 17 
0147 37 FF 
0149 25 1B 
O14B 37 FF 
014D 25 46 
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Conditional Branch 


BCC (Branch if Carry Clear) 


Condition Codes 


Not affected. 




















PC <« (PC)+0002+Rel 





if (C)=0 





Tests the state of the C bit and causes a branch if C is "0". 





Addressing Mode and Number of CPU Cycles 
! aad (ere 
' Operand of CPU 


Addressing MaGnoate, 
t 
’ 


Byte l i Byte 2 


O14F B6 20 
0151 CB 0600 EXVAL6 
0154 24 11 NORMAL KETA AGARI  NASHI 


0156 5C X KETA AGARI 
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Condition Codes 


Not affected. 











BCLR n, DR 











Clears the bit n (n = O through 7) of M. The other bits are unaffected. 


| Addressing Mode and Number of CPU Cycles 
oO 
bytes 
2 


Addressing Macnonte | 3 of CPU 
Byte 1 'Byte 2 , Byte 3 
' Ul é 
11 












Mode ! type aveles 


DIRECT 
DIRECT 


DIRECT 
| DIRECT 


BCLR 
BCLR 


BCLR 
BCLR 
BCLR 


DIRECT | BCLR 


j 

i 
DIRECT BCLR | 
DIRECT | BCLR : 7, | 1F 


0157 B6 03 CNTRL ** MAKE CONTROL CODE ** 
0159 A4 FO #$FO * 

015B BA FF WORK 

015D B7 03 CONTRL * 

O15F 11 03 O,CNTRL CLEAR BIT 0,6,7 ABSOLUTELY 
0161 1D 03 6 ,CNTRL 
0163 IF 03 7 ,CNTRL 


: 
ww 


pot 

~ 
Sis (sys <a 
feted fee 


bs 
mn 


o 
KH 
fs 
2) 
a 


_ 
Qo 


f 
be 
we) 


DAlUpRfwo [wp [te 


SIS (SSIS TS 1S [Ss 
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Conditional Branch 


BCS 
BCS (Branch if Carry Set) 
Condition Codes 


Not affected. 













PC < (PC)+0002+Rel 






if (C)=1 


Tests the C-bit state and causes a branch if Cis "1". 


Addressing Mode and Number of CPU Cycles 


ee Sumber | Wumber 
Mode ; type Byte 1 | Byte 25 Byte 3| bytes cycles 
| 25 | med | | 2 | 















a 
> 
a 
re 
<j 
tH 
2) 
e) 

ray 


0165 B6é 10 
0167 CB 0600 EXVAL6 
O16A 25 13 ABNML KETA AGARI 


016C C7 0600 EXVAL6 KETA AGARI NASHI 





Conditional Branch 


BEQ 









Condition Codes 


Not affected. 


PC+—(PC)+0002+Rel if (Z)=1 






Mnemonic ‘: z, ——4 
Byte 1: Byte 2 1. Byte 3] bytes 
ee i : 


Lakme 


O16F Bo FF WORK 

0171 27 18 — AAAA WORK. 

0173 Bl 50 RESULT 

0175 27 28 BBBB WORK = RESULT 
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Conditional Branch 


BHCC 
BHCC (Branch if Half Carry Clear) 


Condition Codes 


Not affected. 


BHCC dd 


PC — (PC)+0002+Rel 














if (H)=0 





Tests the H-bit state and causes a branch if H is "0". 


Addressing Mode and Number of CPU Cycles 


Addressing Micnoaiec. | Operand ee — 
Mode 1 type Byte 1! | Byte 2 ! Byte 3 woe cycles 
RELATIVE BHCC « Rel 3 











#$9 
DAALOW $99 ---> INPUT 


DAAH6 #$60 HIGH NYBLE NEEDS CORRECTION 
* 


DAALOW | DAAL9 
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Conditional Branch 
BHCS | 


BHCS (Branch if Half Carry Set) 
Condition Codes _ 


Not affected. 





a 
ayy 









BHCS dd 









PC + (PC) + 0002 + Rel if (H) = 


Tests the H-bit state and causes a branch if H is "1". 


Addressing Mode and Number of CPU cycles 


Number Number 

hadeesed 0 

Mode ng Mnemonic :  Qveran of of CPU 
yP | Byte 1 | Byte 2 7 a 3 we ao 

RELATIVE BHCS : Rel 














O1FO Al 09 #$9 —— 

1O1F2 23 02 DAALW1 $99 --- INPUT 

OIF4 AE 60 DAAH7 #$60 HIGH NYBLE NEEDS CORRECTION 
* 


0176 2916  ~—DAALWI DAAL6 
|OIF8 A4 OF HF 





© HITACHI 
40 


a nn Branch 


BHI (Branch if HIgher) 
Condition Codes 


Not affected. 





















PC + (PC)+0002+Rel if (C V Z)=0 
i.e. if (ACCA) > (M) 
(unsigned binary numbers) 


Causes a branch if both C-bit and Z-bit are "0". 

When the BHI instruction is executed immediately after either CMP or SUB 
instruction has been executed, a branch occurs if the minuend represented 
by the unsigned binary number (i.e. ACCA) is greater than the subtrahend 
represented by unsigned binary number (i.e. M). 





Addressing Mode and Number of CPU Cycles 
| Operand Instruction code Number | Number 
' 
t 
t 


, of CPU 
Byte 1 i Byte 2 1 Byte 3} bytes 
LJ 


0177 Bé 10 
0179 Bl 20 VAL2 
O17B 22 16 Z1P25 VAL1 > VAL2 (IGNORE SIGN BIT) 


017D B/ FF WORK VAL1 --> WORK (LOWER OR SAME) 
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| _ Conditional Branch | 


BHS , 
BHS (Branch if Higher or Same) 
Condition Codes 


Not affected. 


























PC + (PC)+0002+Rel if (C)=0 


Description 


When the BHS instruction is executed after comparing or subtracting 
unsigned binary, if causes a branch if the register contents are greater 
than or equal to the M contents. 


Addressing Mode and Number of CPU Cycles 
I ; d Number | 
| Operand nstruction code 


Mnemonic | 
. | ayee 1 | Byte 2 1 Byte 3} bytes 
U 
RELATIVE 2 










Number 


Addressing of CPU | 










0100 B6 10 


0102 Bi 20 VAL2 
0104 24 16 ZIP26 VAL1 >= VAL2 IGNORE SIGN BIT 


0106 B7 FF WORK VAL1 ---> WORK (LOWER) 
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Conditional Branch 


BIH 


BIH (Branch if Interrupt line is High) 


Condition Codes 


Not affected. 















PC < (PC)+0002+Rel 
if INT=1 (high) 


Tests the external interrupt pin (INT) state and causes a branch if it is 
high. 





Addressing Mode and Number of CPU Cycles 


Addressing iaaeoa ve ! | Operand sa pau 
Mode . : 
bytes cycles 


EYRE Byte 1 i Byte 2 1 Byte 3 

















01C6 2F 04 INT LINE CHECK 
01C8 A6 28 INTL QUTPUT DATA = $28 
O1CA 20 02 

O1CC A6 FF INTHO QUTPUT DATA = $FF 


OICE C7 O6EO NEXT2 OUTPUT 


















Conditional Branch | 











Condition Codes 


Not affected. 








PC < (PC)+0002+Rel if INT=0 (low) 


Tests the external interrupt pin (INT) state and causes a branch if it is 
low. | 


| Number 
Addressing Moenonic eaeand of CPU 
Mode type cycles” 


O1DI 2E 04 INT LINE CHECK 
01D3 A6é 45 OUTPUT DATA = $45 
01D5 20 02 

01D7 A6 00 INTL2 OUTPUT DATA = $00 
O1D9 C7 O6EO NEXT4 OUTPUT 
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Logical Operation 


. BIT (BIt Test) 
| Condition Codes 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
the result of the AND operand is 
1; otherwise cleared. 

Z: Set if all the bits of the result 
of the AND operand are QO; other- 
wise cleared. 

: Not affected. 










Format 


BIT P 


Operation 


(ACCA)/\(M) 





Performs the logical AND operation between the ACCA contents and M contents 
and modifies the condition codes respectively. The ACCA contents and M 
contents are not affected. 


Addressing Mode and Number of CPU Cycles 
Mode ' ' | i of CPU 
Byte 1! Byte 2 1 Byte 3} bytes 





m 


DIRECT 
EXTENDED 
NDEXED QO BYTE 








0400 Bé 10 VAL] 
0402 Ad F8 #$F8 
0404 27 19 OK Q <= BIT ASSIGN (VAL1) <= 7 


0406 A6 £3 #22] SET ERROR NUMBER 
0408 CC 0432 ERROR 


45 















Conditional Branch | 


BLO (Branch if LOwer) 







Condition Codes 


Not affected. 







PC + (PC)+0002+Rel if (C)=1 


Causes a branch when executing BLO after compare if register contents are 
less than M contents. 
BLO is equivalent to BCS. 


Addressing Mode and Number of CPU Cycles | 
' operand ee ae 


Addressing MaeMOnT Ee . , of CPU 


Byte l | By Byte 3] bytes 
5 


te 2 , 
! 


040B Bé 10 
040D Bl 20 VAL2 | 
O40F 25 16 ZIP27 VAL1 < VAL2 (IGNORE SIGN BIT) 


0411 B7 FF WORK VALI --> WORK HIGHER OR SAME 
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Conditional Branch 


BLS (Branch if Lower or Same) 


Condition Codes 


Not affected. 














PC « (PC)+0002+Rel if (C V Z)=1 
i.e. if (ACCA) < (M) 










Causes a branch if either C-bit or Z-bit is "1". When the BHI instruction 

is executed immediately after either CMP or SUB instruction has been executed, 
a branch occurs if the minuend represented by the unsigned binary number 

(i.e. ACCA) is less than or equal to the subtrahend represented by unsigned 
binary number (i.e. M). 








Addressing Mode and Number of CPU Cycles 


Mnemonic : 
| 


Addressing of CPU 





0413 B6 10 
0415 Bl 20 — VAL2 
0417 23 16 Z1P28 VAL1 <= VAL2 IGNORE SIGN BIT 





| 0419 B7 FF WORK VAL1 ---> WORK K (HIGHER) 


ara 

















Conditional Branch 


BMC 


BMC (Branch if ieeervupe Mask is Clear) 


Condition Codes 


Not affected. 


e 
iJ 
ie 















PC «+ (PC)+0002+Rel if (1I)=0 






Tests the I-bit state and causes a branch if I is "0". 







eS Mode and Number of CPU Cycles 


madveud ian ueusais: peed Taseruction code ar Bred 

Mode type Byte 1 | Byte 2: Byte 3 oe cycles 
§ 

RELATIVE ! ! 3 














5) 
( 
b— 










0217 2C 07 | MSKOFF INTMSK OFF ? 
0219 2E 05 MSKOFF INT LINE LOW ? 
021B C6 O6E0 PIA READ DATA 

O2Z1E B7 FF WORK 


0220 81 MSKOFF 
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Conditional Branch 


BMI (Branch if MInus) 


Condition Codes 


Not affected. 
























PC <« (PC)+0002+Rel if (N)=1 






Tests the N-bit state and causes a branch if N is "1". 






Addressing Mode and Number of CPU Cycles 


Number Number 
of CPU 


Addressing ! Operand Instruction code 
Byte 1 | By | Byte 3] bytes 
.B 


te 2 | 
1 





0425 B6 10 LDA VALI 
0427 2B 16 BMI ZIP29 VAL1 < 0 





0429 B7 FF STA WORK VAL1 ---> WORK (PLUS) 


49 











Conditional Branch 


BMS 


BMS (Branch if interrupt Mask is Set) 


Condition Codes 


Not affected. 















PC + (PC)+0002+Rel if (I)=1 


Tests the I-bit state and causes a branch if I is "1". 


Addressing Mode and Number of CPU Cycles 


aera wanes yom Tambor | Nanber 
Mode EyPS Byte 1 ' Byte 2 1 Byte 3] pytes cycles 
RELATIVE ! ! 2 2 


’ Rel : 


















0221 2D 01 MSKONI INTMSK ON ? 
0223 81 MSKOF 1 NO 

0224 2D FD MSKONI MSKOFI INT LINE LOW ? 
0226 C6 O6E0 PIA DATA 


0229 B7 FF WORK 
022B 81 
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Conditional Branch 


BNE (Branch if Not Equal) 


Condition Codes 


Not affected. 









Format 


BNE dd 





Operation 


PC <« (PC)+0002+Rel if (Z)=0 


Tests the Z-bit state and causes a branch if Z is "0". 
Following a compare or subtract instruction, BNE will cause a branch 
if the arguments were different. 


Addressing Mode and Number of CPU Cycles 
oa ee anes 
Mnemonic | operand of CPU 
Byte 1 ' Byte 2 1 Byte 3] bytes 








Addressing 


O20D B6 FF LDA WORK 

O20F 26 18 BNE CCCC WORK NOT = 0 

0211 Bl 50 CMP RESULT 

0213 26 ID BNE DDDD WORK NOT = RESULT 
@ HITACHI 
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Conditional Branch | 





BPL (Branch if PLus) 


| Condition Codes 


Not affected. 












PC <«(PC)+0002+Rel if (N)=0 






Tests the N—bit state and causes a branch if N is "0". 


Addressing Mode and Number of CPU Cycles 
p geeeaa Mune 
Mnemonic | pe of CPU 
oes Byte 1 ' Byte 2 1: Byte 3] bytes 


Addressing 


Example | 


0215 B6 10 
0217 2A 16 ZIP31 VAL >= 0 


0219 B7 FF WORK VAL1 ---> WORK (MINUS) 
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Unconditional Branch 
BRA 


Condition Codes 


Not affected. 













PC « (PC)+0002+Rel 





Description 


Causes an unconditional branch to the address gain from the operation 
shown above. 


Addressing Mode and Number of CPU Cycles : 
Addressing ! Operand 
Byte 1 i Byte 21 Byte 3 bytes 


0100 C6 0500 EXVAL5 
0103 B/7 50 RESULT 
0105 20 IE ENDOI BRANCH TO ENDO] ALWAYS 


* 


0107 CHECKS al 
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Conditional Branch | 


BRCLR 


BRCLR (BRanch if bit n is CLeaR) 
Condition Codes 


 BRCLR n, DR, dd ihe 


Not affected. 


Not affected. 
PC < (PC)+0003+Rel if (Mn)=0 

















Not affected. 
if (Mn)=1; otherwise reset. 


ON AHS 


Tests the bit n (n = O through 7) of M and causes a branch if the 
contents of Mn are "0". 


Addressing Mode and Number of CPU Cycles 
| Instruction code _| truction code ee 
| O 
Byte 1 | Byte 2 : Byte 3 bytes 


0 Rel 
0 
0 



























Mnemonic | Operand 


1 type 
' 


RELATIVE BRCLR | 0,M,Rel 
RELATIVE BRCLR ' 1,M,Rel 
RELATIVE BRCLR | 2,M,Rel 
RELATIVE BRCLR ! 3,M,Rel 
| 
9 


Addressing 
Mode 









i" | 
Ds 
© C 
a be 


| 
@ 
am 


R 


0 
0 R 


0107 B6 03 LDA CNTRL ** SET CONTROL CODE ** 
0109 A4 OF AND #$0F 
O10B BA FF ORA WORK 
O10D B7 03 STA CNTRL 

| ** ACTION ** 
O1OF 09 03 17 BRCLR 4 ,CNTRL ENGINE 
Oll2 OF 03 28 BRCLR 7 ,CNTRL ,GASCHK 


1 
3 
5 
7 
9 
B 


| 
oe 


R 
R 


Rel 


fe) 

oO 

© 0 

i = 
lela. 





=) 
rej 
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Unconditional Branch 


Condition Codes 


Not affected. 





PC < (PC)+0002 


Description 


It does not cause a branch. BRN, which requires 2-byte and 3 cycle 
long, is the inverse of BRA. This instruction is sometimes available 
for debugging program. 


Addressing Mode and Number of CPU Cycles 
Addressing | operand 


i] 
Fype Byte 1 | Byte 2 Byte 3 bytes 
RELATIVE BRN t Rel 21 








| ‘ 


O115 EF 





O117 2] : a DELAY *% 
0119 21 | 


O11B 21 
O11D 21 











Conditional Branch 
BRSET 


BRSET (BRanch if bit n is SET) 
Condition Codes 
BRSET n, DR, dd 


Not affected. 


Not affected. 
PC « (PC)+0003+Rel if (Mn)=1 


















Not affected. 
: Not affected. 
if (Mn)=1; otherwise reset. 


QNe rt 


Description 


Tests the bit n (n = 0 through 7) of M, and causes. a branch if the 
Mn contents are "1". 


Addressing Mode and Number of CPU Cycles 


Number 
of CPU 
cycles 


Addressing Sl Operand 


Mode 1 type 
{ 


RELATIVE BRSET 10,M,Rel 

RELATIVE . BRSET 11,M,Rel 

RELATIVE BRSET '2,M,Rel 
| 


RELATIVE 


+] 
RELATIVE BRSET 1 4,M,Rel 
> 


RELATIVE 


RELATIVE BRSET '7,M,Rel 





) 
F) 
9 
RELATIVE BRSET |5,M,Rel 
9 
) 





O11F B6é 03 CNTRL ** SET CONTROL CODE ** 
O121 A4 8E #$8E 
0123 BA FF WORK 
0125 B7 03 CNTRL 


* ** ACTION ** 
0127 00 03 17 PROCI 0CNTRL OIL 
012A OE 03 28 PROC2 7,CNTRL,GAS 
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BSET 


BSET (Bit SET bit n) 
Condition Codes 


BSET n,DR Not affected. 




























Description 


Sets the bit n (n = O through 7) of M. All other bits are unaffected. 






Addressing Mode and Number of CPU Cycles 
Inst ‘ d Number 
| Operand nstruction code i 


aa Mnemonic | 
ode Byte 1! Byte 2 1 Byte 3] bytes 


DIRECT BSET 


DIRECT BSET 
DIRECT 


Addressing 


Sell Neel Hell fae Ulmell Ml eecll fee 
Q [> joaolalR{[rwjo 
SIS ISIS ISI SIS 
he dedebe ofa 
ELL 


3) 
<< 





0100 B6 50 RESULT 
0102 2A 04 PLUS 





(MINUS) 
0104 14 03 2,CNTRL 


0106 16 FF 3 WORK 
0108 = 
0108 B6 20 VAL2 


© HITACHI 
57 














Subroutine Control | 
| BSR (Branch to SubRoutine) 
Condition Codes 


BSR dd Not affected. 




















PC < (PC)+0002 

Msp + (PCL), SP + (SP)-0001 

Msp + (PCH), SP + (SP)-0001 

PC + (PC)+Rel | 

The program counter is increased by "2". The less significant bites 
(8-bits) of the program counter contents are pushed onto the stack. 
Then, stackpointer is decreased by "1". The more significant bits 
(6-bits) of the program counter contents are pushed onto the stack, 
then stackpointer is decreased by "1". Then a branch occurs to the 


address specified by the program counter. 


Addressing Mode and Number of CPU Cycles | 



















| 
Mnemonic : 
Byte 1 ' Byte 2 1 Byte 3] bytes 


1 type 
1 


t 

| 

o " ° ‘3 1 

| RELATIVE BSR! Rel 3 ae i © 


Addressing Operand 


Mode 













O10A A6 3B LDA #$3B ACCA = INTERFACE (0011 1011) 
O10C AD 18 BSR HAND 

* 
O1OE A6 IE LDA #$1E ACCA = INTERFACE (0001 1110) 


0110 AD 28 BSR 
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CLC (CLear Carry) 


Bit Control 





Format 


CLC 


Operation 


Description 





Condition Codes 


ON AH 


: Reset. 





Resets the carry bit C in the condition code register. 





affected. 
affected. 
affected. 
affected. 











Addressing Mode and Number of CPU Cycles 


Addressing 


0100 26 F8 
0102 B7 50 
0104 98 
0105 81 





naeee |, aaa 
of CPU 
Byte 1: Byte 2 . Byte 3] bytes 


RETURN CODE SET ‘OK' 





CLI (CLear Interrupt mask) 
Condition Codes 


: Not affected. 
Reset. 

Not affected. 
Not affected. 
Not affected. 

















QNAAHE 


Resets the interrupt mask bit in the processor condition code register. 
This enables the microprocessor to service interrupts that occurred 
through an interrupt request from peripheral equipment. 


Addressing Mode and Number of CPU Cycles | 
Addressing | | Operand 


1 type Byte 1 i Byte 2 1 Byte 3] bytes 
i 












OQIFA 9B INTERRUPT DISABLE 
OIFB 9C RESET STACK POINTER 
OIFC CD O6FO SYSINZ SYSTEM INITIALIZE 


OFF 9A INTERRUPT ENABLE 
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Arithmetic Operation 


Condition Codes 













CLR (CLeaR) 









CLR Q H: Not affected. 
CLR A I: Not affected. 
CLR X N: Reset. 
; Z: Set. 
C: Not affected. 
IX + 0 
or 
ACCA < QO 











or 
M <« 0 


The contents of IX, ACCA or M are replaced with "0". 





Addressing Mode and Number of CPU Cycles / 
eee 
Byte 1 | Byte oF Byte 3 bytes 











Number 
of CPU 









Addressing cece Operand 
t 


Mode 









SET 
INDEXED 
OFFSET 






BYTE 


0106 3F 07 PNTR 
0108 3F 08 PNTR+1 


we INET TAL TLE ** 


O10A 7F 0 ,X 
O10B 4F A 
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Comparison and Test 
| CMP (CoMPare) | 
[ Format | Condition Codes 


: Not affected. 

: Not affected. 

: Set if the most significant bit of 
the result of the subtraction is 
"i"; otherwise reset. 

Z: Set if the result of the subtractio 

is 0; otherwise reset. 

C: Set if the absolute value of memory 

is greater than that of the 

accumulator; otherwise reset. 

















Zee 





(ACCA) - (M) 













Compares the ACCA contents with M contents, and affects the condition 
codes that can be referred to by conditional branch instructions. 
Both operands are unaffected. 


Addressing Mode and Number of CPU Cycles 
Addressing _ 3 
Mode | Byte l i Byte 2 Byte 3] bytes 
oe # im Al Imm 





OFFSET 
INDEXED 2 BYTE 
OFFSET 


=o] 


0110 E6 07 


O112 Al 41 #'A 
0114 27 1A SECTA ACCA = 
0116 Al 42 #'B 

0118 27 2A | SECTB ACCA 
O11A 20 FO INPUT 
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Logical Operation 


COM 


COM (COMplement ) 
Condition Codes 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
the result is "1"; otherwise 






















Z: Set if the result is "0"; otherwise 
reset. 


IX + (1X) =SFF-(1X) 
or 

ACCA «+ (ACCA) = S$FF-(ACCA) 
or 

M< (M) = $FF-(M) 


Replaces the contents of ACCA, IX or M with its 1's complement. 


: Set. 


Addressing Mode and Number of CPU Cycles 


oe Byte l i Byte 2 1 Byte 3] bytes 


O11C SUBIN 
O11C 5C 
O1ID E6 07 
O1l1F 43 MODIFY DATA (REVERSE) 
0120 81 











Comparison and Test __ | 


CPX (ComPare indeX register) 
[ Format | Condition Codes 
| CPX P 


: Not affected. 


H 
I: Not affected. 
N 

(IX) -(M) 
























: Set if the most significant bit of 

the result is "1"; otherwise reset. 

Z: Set if the result is "0"; otherwise 
reset. 

C: Set if the absolute value of the 

contents of the memory is greater 

than that of the contents of IX; 

otherwise reset. 





Compares the IX contents with M contents. The condition code can be 
collated by means of the next conditional branch instruction. Both 
operands are unaffected. 


Addressing Mode and Number of CPU Cycles 7 
Addressing ‘operand |__Instruction code 


| yte 2 , Byte 3] bytes 
|immeptate ——|__CPX 


es ns 
e 





| 0121 A6 CC ACCA = INTERFACE TO CR OR LF 
0123 BE 07 | 
0125 A3 OD 
0127 27 18 CARRIAGE RETURN 
0129 A3 OA 
012B 27 28 | | LINE FEED 
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Arithmetic Operation 


DAA (Decimal Adjust Accumulator) 


Condition Codes 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
result is "1"; otherwise reset. 

Z: Set if the result is "0", other- 
wise reset. 

C: Set or reset with the rule under 
which DAA and its previous ABA, 

ADD and ADC is converted into BCD. 











Format 






DAA 












Operation 











Convert binary Add result 
into Binary Coded Decimal (BCD). 









Bit Condition|Lower |Early | Lower | Value added Bit condition{ Add 00, 06, 60 

of bit C of bit C 66 (heradecimal) 

before DAA i i to ACCA according 

execution to the table 
shown left. 


If the BCD Add 
result by ADD and 
ADC instruction 
is in ACCA, bit 
C or bit H, DAA 
executes above 
function. 


| 


oooococoocjo 
Sa SO ee 
WN bh sf ft yO 0 
















Addressing 
Mode 


IMPLIED 


Instruction code Number 
I I of CPU 
Byte 1 ' Byte 2 1 Byte 3] bytes 
i 1 















ae a ae ee ee es ee 
a el: Ree eee RE ee 
ee ee Re ee eee ee 
rr ee ee ee ee es 
ee ee Nee: Ss ee ees ee 
[ase eaaineiae: ear Gee: a Cie: eee 
2 a i: Ae a RE See 
ae ee a ee ee ee ee 





€ 











Arithmetic Operation 


DEC 





DEC (DECrement) 


- 2 


| Condition Codes 


H: Not affected. 
I: Not affected. 
N: Set if the most significant bit of 
the result is "1"; otherwise reset. 
Z: Set if the result is "0"; otherwise 
reset. 
: Not affected. 








IX + (IX)-01 
or 
ACCA < (ACCA)-01 


or 
M < (M)-O1 


Description 







Subtracts "1" from the contents of ACCA, IX or M. 
N and Z bits are set and reset according to the result of this operation. 
The C-bit is not affected. 


Addressing Mode and Number of CPU Cycles 
Mode Byte l i Byte 2 1 Byte 3 bytes 


INDEX REG. DEC i X 
DIRECT DEC ! M | 
LEER OB 








Paar I, 
0120 4A LOOP23 DEC 


O12E 2B 07 BMI 
0130 FE LDX 
0131 DF 0100 STX 
0134 5C INC 
0135 20 Fé BRA LOOP23 


* 


0137 NEXT  EQU * 
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EOR (Exclusive OR) 


Logical Operation 










Format 


EOR P 


Operation 


ACCA «+ (ACCA) @® (M) 


Description 








: Not 


Condition Codes 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
the result is "1"; otherwise reset. 

Z: Set if the result is "0"; otherwise 
reset. 









affected. 


Performs the logical EXCLUSIVE OR between the ACCA contents and M 
contents and stores the result into ACCA. 


Addressing Mode and Number of CPU Cycles 


Addressing 
Mode 


IMMEDIATE 


INDEXED O BYTE 


OFFSET _ : 
INDEXED 1 BYT 


OFFSET 


0137 Bé 03 
0139 A8& 99 
013B B/ 03 
013D 20 14 


Mnemonic 
t 





| Operand Instruction code Number 


) of CPU 
Byte 1! Byte 2 1 Byte 3} bytes 
EOR | #imm 


Imm 


** ARRANGE CONTROL CODE ** 


CNTRL 
#$99 

CNTRL 
ACTO] 


XXXX XXXX 
1001 1001 




















Arithmetic Operation 


Condition Codes 


: Not affected. 


: Not affected. 

: Set if the most significant bit of 
the result is "1"; otherwise reset. 

: Set if the result is "0"; otherwise 


IX « (1IX)+01 
or 

ACCA ~« (ACCA)+01 
or 

M< (M)+01 


Adds "1" to the contents of ACCA, IX or M. 
N and Z bits are set or reset according to the result of this operation. 
The C bit is not affected. 





reset. 
: Not affected. 






























Addressing 


! Seccsad 
Mode 


type 









ACCUMULATOR eae 
INDEX REG. op 
mate 


_M_ 








u 

ae ‘ ! 
! \ 

— _- 3 

INDEXED ; ' 

=— ra x 2k Se 


0100 4c LOOP3 INC 
0101 Al 64 CMP 
0103 22 1B BHI EXIT CHECK COUNTER (100 TIMES) 
O105 FE. LDX 0 ,X | 

0106 DF 0300 a MOVE 

0109 5C z 

O10A 20 F4 Looe. 
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Conditional Branch 





JMP (JuMP) 


Condition Codes 


Not affected. 


Format 





JMP P 





Operation 


A jump occurs to the instruction stored at the effective address. The 
effective address is obtained according to the rules for EXTended, DIRect 
or INDexed addressing. 


Addressing Mode and Number of CPU Cycles 
| Operand ee ee 


pees ee of CPU 
ode ' type cycles 
I 





INDEXED 0 BYTE 
O ] 
INDEXED 1 BYTE 


OFFSET 


[feels 


010C B6 10 

O1OE C7 0500 EXVAL5 

O111 B6é 20 VAL2 

0113 C7 0600 EXVAL6 

0116 CC 0333 END90 GO TO END-ROUTINE 

















Subroutine Control | | | 
ee 





Condition Codes 


Not affected. 






(PC)+n 

(PCL), SP « (SP)-0001 
(PCH), SP + (SP)-O001 
EA 





Note) 
The program counter is increased by "n"in the addressing mcede, 
then pushed onto the 2-byte stack. And the stack point is updated. 
A jump occurs to the specified address. 
The effective address is obtained according to the rules for EXTended, 


DIRect or INDexed addressing. 
Note) n is equal to 1, 2 or 3, according to the number of bytes in the 


instruction code. Refer to the addressing code and the number of 
MPU cycles shown below. Z 


Addressing Mode and Number of CPU Cycles 


Byte 1 i Byte 2 1 Byte 3]/ bytes 


; Operand 


Addressing Mucnend a. 
t 


Mode 










0119 START ie 
0119 CD 0407 INTRIN INITIALIZE 
O11C CD O4E5 KBRTN INPUT FROM KEY-BOARD 
O11F CD O3AD ANARTN ANALYSE 
0122 CD 053C PRCRTN PROCESS 
0125 CC O6CB ENDRTN END 


** MAIN ROUTINE ** 
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Load & Store 


: affected. 

: Not affected. 

: Set if the most significant bit of 
the result is "1"; otherwise reset. 

: Set if the result is "0"; other- 
wise reset. 

: Not affected. 

ACCA <« (M) 


Loads the contents of memory into the accumulator. 





Addressing Mode and Number of CPU Cycles 
| Operand ad aye 
{ 


Mnemonic 5 of CPU 
cycles 


Addressing 
Mode 


IMMEDIATE 


0128 Bé 10 
O12A B/ FF 
012C F6 

012D B7 50 
O12F A6é FF 














Load & Store 
LDX (LoaD indeX register) 


Condition Codes 


















Format 
LDX P >: Not affected. 
I: Not affected. 
N: Set if the most significant bit of 
IX is "L's; otherwise reset. 
Z: Set if all the bits of IX of the 


result are "0"; otherwise reset. 
>: Not affected. 







IX « (M) 





Loads the M contents into IX. The condition code is set according 
to data. 






Addressing Mode and Number of CPU Cycles 
sadreoeing Ronber | Rusher 
Mode eee Byte 1 | Byte 2 : Byte 3 bytes 
i 


IMMEDIATE 


INDEXED 0 BYTE 


OFFSET 
INDEXED 1 BYTE 


OFFSET 


0131 BE 10 
0133 BF FF 
O.1.35--FE 

0136 BF 50 
0138 AE FF 
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Shift & Rotation 


LSL (Logical Shift Left) 


Condition Codes 


H: Not affected. 
I: Not affected. 
N: Set if the most significant bit of 
the result is "1's; otherwise reset. 
Z: Set if the result is "0"; otherwise 
reset. 
C: Set if the least significant bit of 
ACCA, IX or memory is "1" before 
execution of an instruction; 
otherwise reset. 



















Shifts the contents of ACCA, IX or M 1-bit to the left. The bit O is 
loaded with "0". The carry bit C is loaded with the most significant 
bit of ACCA, IX or M. 


Number 
of CPU 
cycles 


Addressing 
Mode 


013A 38 FF WORK ** MULTIPLY X 8 ** 
013C 38 FF WORK 
013E 38 FF WORK 
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Shift & Rotation | 















Condition Codes 


Not affected. 
Not affected. 
Reset. 

Set if the result is "0"; otherwise 
reset. 

: Set if the least significant bit of 

ACCA, IX, or memory is "1" before 

execution of an instruction; 
otherwise reset. 











N2H 


QD 







Shifts the contents of ACCA, IX or M 1-bit to the right. The bit 7 is 
loaded with "O". The carry bit C is loaded with the least significant 
bit of ACCA, IX or M. 




















Number 


of CPU 


Byte l i Byte 2 : Byte 3] bytes cycles 
1 
accuMULATOR = |_soisR_ + AT 4 tt | 
i] 
INDEX REG. ee eae ee ee 
DIRECT Pp ouse ot Mw | 34 tM 
! 
; ' 
! 






Addressing 
Mode 


Mnemonic | Operand 


1 type 
' 












& 
| 


LSR ah 

LSR i x 

LSR ' oM 
INDEXED O BYTE i 

ISR! 04x 
INDEXED BYTE ! ' 
OFFSET LSR | Disp,X 64 1 D 






0140 34 FF | oe DTVIDE. J AGc*%" 
0142 34 FF 
0144 34 FF 
0146 34 FF 
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Arithmetic Operation 


NEG 


Condition Codes 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
the result is "1"; otherwise reset. | 

Z: Set if the result is "0"; otherwise 
reset. 

C: Set if a borrow occurs; otherwise 
reset. Set if the contents of 






NEG (NEGate) 


















IX + (1X)=00-(1X) 










or 
ACCA + (ACCA) =00-(ACCA) ie IX or Memory are other than 
or : 









M <« (M)=00-(M) 


Replaces the contents of ACCA, IX or M with its two's complement, and 
stores ACCA or IX contents into M contents. Note that $80 (-128) is 
unaffected. 








Addressing Mode and Number of CPU Cycles 
Noone | oPetend fuaber | Nonber 
Mode emonic : spe of CPU 
Byte 1 ' Byte 2 1 Byte 3] bytes cycles 


Addressing 


INDEXED 1 BYTE 
OFFSET 


. CHECK RANGE (RELATIVE ADDRESSING) 
0148 Al 81 #129 CHECK RANGE 
O14A 24 44 BERROR x BRANCH ERROR 
O14C 40 | A OFFSET 
O14D 20 14 SET 











=. Branch 


NOP (No OPerat ion) 
Condition Codes 


—— 










Not affected. 


This is a single-byte instruction which only causes the program 
counter to be increased. Other registers are unaffected. 















Number 
of CPU 


Bye 1 | Byte 2 | Byte 3] bytes 


| type 


Addressing 
Mode 


IMPLIED 













O14F 9D ** DELAY ** 
0150 9D 
0151 9D 


0152 9D 
0153 9D 
0154 9D 
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Logical Operation 





ORA (inclusive OR) 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
the result is "1"; otherwise reset. 

Z: Set if all the bits of the result 
are "0's otherwise reset. 

affected. 












ORA 


Operation 


ACCA <« (ACCA)v(M) 





Description 


Performs logical OR between ACCA contents and M contents, and stores 
the result into ACCA. 


Addressing Mode and Number of CPU Cycles 
Mode ae Byte l i Byte 21 Byte 3] bytes 
: { 


NDEXED O BYT 


OFFSET 7 
INDEXED 1 BYT 


OFFSET 








* ** ADDITION CONTROL BIT ** 
#$14 0001 0100 


CNTRL 
CNTRL 
* 
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Shift & Rotation | | 


ROL 








ROL (ROtate Left) 















Condition Codes 
ROL Q H: Not affected. 
ROL A I: Not affected. 
N 


ROL X : Set if the most significant bit of 
the result is "1"; otherwise reset. 

Z: Set of all the bits of the result 
are "0"; otherwise reset. 

C: Set if the ACCA, IX, or the most 
Significant bit of the memory is 
"1"'| before execution of an 


instruction; otherwise reset. 





Shifts the contents of ACCA, IX or M 1-bit to the left. The bit O is 
loaded with the carry bit C, while the carry bit C is loaded with the 
most significant bit of ACCA, IX or M. 


Addressing Mode and Number of CPU Cycles | 


| [__ Instruction code | Number | Number 
Mode Mnemonic | fo | of CPU 
A 


Addressing 


** REPEAT ACTION FOLLOWING CNTRL ** 


REPEAT EQU = 
ROL CNTRL | 
BCS ACTION ACTION & REPEAT OR ESCAPE 
NOP * 

NOP ae DELAY 

NOP | i 

BRA REPEAT 
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Shift & Rotation 





: affected. 

>: Not affected. 

: Set if the most significant bit of 
the result is "1"; otherwise reset. 
Set if all the bits of the result 


are "0"; otherwise reset. 

: Set if the ACCA, IX, or the least 
significant bit of Memory is "1"; 
otherwise reset. 













Shifts the contents of ACCA, IX or M one bit to the right. The bit 7 is 
loaded with the carry bit C, while the bit 0 is loaded with the carry bit 
Gs 


Addressing Mode and Number of CPU Cycles 























of of CPU 

Byte 1 ' Byte 2 ; Byte 3 bytes cycles 
i 

INDEX REG. 

ROR! | 

ROR ; 






Mnemonic | Operand 


type 


Addressing 
Mode 


ACCUMULATOR 


A 
x 

M 

INDEXED O BYTE 

763 

INDEXED 1 BYTE 
eee | HOR: dep Oe 
Examp1 | 
** REPEAT ACTION FOLLOWING CNTRL ** 


REPT] i 
CNTRL - 
ACTN] ACTION & REPEAT OR ESCAPE 
* 


a aa 
a 
ae es 
an 





SEDELAY : oe 


* 
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Stack Pointer Operation 


RSP 


RSP (Reset Stack Pointer) 


Condition Codes 


Not affected. 


Format 













Operation 


SP <« SFF 


Description 


Resets the stack pointer to the top (SFF) of the stack. 


_Addressing Mode and Number of CPU Cycles | 


— Vnemonic | OPe rane of of CPU 
e type Byte 1 i Byte 2 1 Byte 3 bytes oc 
IMPLIED ! ! 





















Example 


0200 9B INTERRUPT DISABLE 
0201 9C RESET STACK POINTER 


0202 CD O06F0 , SYSINZ SYSTEM INITIALIZE 
0205 9A INTERRUPT ENABLE 
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Interrupt Control 


RTI 


RTI (ReTurn from Interrupt) 
Condition Codes 


Recovers the state saved 
onto the stack. 








(SP)+0001, 
(SP)+0001, 
(SP)+0001, 
(SP)+0001, 
(SP)+0001, 


sets the stack contents indicated by SP to CCR, ACCA, IX, PCH, or PCL 
increasing SP by "1". Note that I = 0 when the interrupt mask bit 
of CCR saved onto the stack is "0". 


Mdeetsiay ere Operand Instruction code Neer gee 
Mode 1 type Byte 1 i Byte 2 1 Byte 3] bytes cycles 


IMPLIED RTI 














Example 


020C CD 0345 KEYSCN KEY INPUT 
O20F B7 10 INKEY STORE KEY CODE 


0211 CO 0400 EXSWIN INPUT EXTERNAL SW 
0214 B7 11 INSW STORE SW CONDITION 
0216 80 RETURN TO INTERRUPT 
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| Subroutine Control _ | 
RTS (ReTurn from Subroutine) to | 


. Condition Codes 
RTS 


Not affected. 


SP « (SP)+0001, PCH + (SP) 
SP + (SP)+0001, PCL + (SP) 



















Increases SP by "1" and sets the address contents indicated by SP to 
more significant bits (6-bits) of PC. Increases SP with "1" again, 

and sets the address contents specified by SP to less significant bits 
(8-bits) of PC. 





Addressing Mode and Number of CPU Cycles 
























Number Number 








Addressing Perea Operand Instruction code of of CPU 
Mode | type Byte 1 ' Byte 2 | Byte 3 bytes cycles 


IMPLIED 


l 
81 1 ! 





Example 


0171 B/ FF 
0173 C6 0500 


0176 B7 50 | 
0178 98 RETURN CODE SET : OK 
0179 81 * 
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Arithmetic Operation 


SBC (SuBtract with Carry) 


Condition Codes 


H: Not affected. 

I: Not affected. 

N: Set if the most significant bit of 
the result is "1"; otherwise reset. 

Z: Set if the result is "0"; otherwise 
reset. 

C: Set if the absolute value of the 
contents of memory plus the carry 
bit C is greater than the absolute 
value of the contents of ACCA; 

otherwise reset. 



















Format 


SBC P 


Operation 


ACCA + (ACCA) -(M)-(C) 





Description 


Subtracts the contents of M and the carry bit C from that of ACCA, 
and stores the result into ACCA. 


Addressing Mode and Number of CPU Cycles 
' operand meer, Tees 


Mnemonic of CPU 
cycles 


Addressing 
Mode 


IMMEDIATE 












(VAL1, VAL1+1)-(EXVAL5, EXVAL5+1) 


=(EXVAL5, EXVAL5+1) 





* 
O17A B6 11 LDA ‘VALI+1 — * 
017C CO 0501 SUB EXVAL5+1. * 
O17F C7 0501 STA EXVAL5+1 * 
0182 B6 10 LDA VALI * 
0184 C2 0500 SBC EXVAL5 = 
0187 C7 0500 STA EXVAL5~—s* 


83 























SEC (SEt Carry) 
Condition Codes 


Not affected. 
Not affected. 
Not affected. 
Not affected. 





Format 


SEC 


QANAH ED 





Sets the carry bit C in the condition code register. 


| Addressing Mode and Number of CPU Cycles | 


Instruction code Number Number 
Mnemonic | as of CPU 

et og Byte 1 ' Byte 2 1 Byte 3| bytes 

ee ' 


Addressing 


O18A 27 F8 
018C B7 50 


O18E 99 RETURN CODE SET : NG 
O18F 81 
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Bit Control 





SEI (SEt Interrupt mask) 


Condition Codes 


Not affected. 


Format 





SEI 






Not affected. 
Not affected. 
affected. 





ON AA Se 





Operation 





Description 


Sets the interrupt mask bit I in the condition code register. If this 
bit is set, interrupt from peripheral equipment is disabled until the 
interrupt mask bit is cleared. 





Addressing Mode and Number of CPU Cycles 


of CPU 
Byte l i Byte 2 1 Byte 3 bytes 
mt. | al] 3 























Mnemonic | Operand 
type 


Addressing 
Mode 


IMPLIED 






















0206 9B INTERRUPT DISABLE 
0207 9C RESET STACK POINTER 
0208 CD 06FO 7 SYSINZ SYSTEM INITIALIZE 
020B 9A INTERRUPT ENABLE 
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Load & Store 
| 
STA (STore Accumulator) 


Condition Codes 
STA P 7 | 


: Not affected. — 


H 
I: Not affected. 
N 

M < (ACCA) 



















: Set if the most significant bit of 
ACCA is "1"; otherwise reset. 

Z: Set if the contents of ACCA are "0"; 

otherwise reset. 

: Not affected. 









Stores the ACCA contents into M. The ACCA contents are unaffected. 


Addressing Mode and Number of CPU Cycles 
a eee 
of CPU 
Byte l ' Byte 2 1 Byte 3! bytes 
B7 


Mnemonic | Operand 


type 


Addressing 
Mode 


























cycles 





INDEXED O BYTE : 
OFFSET STA ‘ 0,X 


INDEXED 1 BYTE : 
OFFSET STA + Disp ,.X E7 


OFFSET STA | Disp ,X | 


0190 B6 10 

0192 B/ FF WORK 
0194 B6 50 RESULT 
0196 F7 0,X 


0197 A6é FF #$FF 
0199 D7 0500 EXVAL5 ,X 
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Power Control 


STOP 
STOP (STOP) | 
Condition Codes 


Not affected. 






Format 


STOP 





Enters into the STOP mode by STOP instruction 
(For details, refer to STOP MODE in "2.9. Low 
Power Consumption Mode". ) 


Addressing | Operand Bamber | ember 


it of of CPU 
ORS Byte 1: Byte 2 1: Byte 3] bytes 
ae STOP 





@ HITACHI 














i Load & Store 
STX (STore indeX register) 


Condition Codes 


: Not affected. 
I: Not affected. 
N: Set if the most significant bit 

of IX is "1"; otherwise reset. 
Z: Set if the contents of IX are "0"; 
otherwise reset. 

: Not affected. 





















M < (IX) 





Stores the IX contents into memory. IX contents are unaffected. 






Addressing Mode and Number of CPU Cycles 
eee aes | operand ae a 
Mode Byte l | Byte 2 ! Byte 3] bytes cycles 


DIRECT 


INDEXED 1 BYTE 
6 


PF SE 
INDEXED 2 BYTE 
OFFSET 





O19C BE 10 
O19E BF FF 


O1A0 BE 50 RESULT 
O1A2 FF 0 ,X 

OIA3 AE FF #$FF 
O1A5 DF 0500 > EXVAL5 ,X 
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Format 


SUB P 


Operation 


ACCA + (ACCA)-(M) 





Arithmetic Operation 





SUB (SUBtract) 





Condition Codes 


H: Not affected: 
I: Not affected. 
N: Set if the most significant bit of 
the result is "1"; otherwise reset. 
Z: Set if the contents of the result 
are "0"; otherwise reset. 
C: Set if the absolute value of the 
contents of memory is greater than 
the absolute value of the contents 
of ACCA; otherwise reset. 












Subtracts M contents from ACCA contents, and stores the result 


into ACCA. 





Addressing Mode and Number of CPU Cycles 


Addressing 
Mode 


IMMEDIATE 


INDEXED 0 BYTE 
O 
INDEXED 1 BYTE 
OFFSET 


O1A8 B6 10 
O1AA BO FF 
OIAC B7 50 





SUB 





; Operand of of CPU 
Byte 1! Byte 2 : Byte 3] bytes cycles 


| #Imm 


VAL] (VAL1)-(WORK)=(RESULT ) 
WORK 
RESULT 



















Interrupt Control 


SWI (SoftWare Interrupt) 
Condition Codes 


: Not affected. 





















Not affected. 
Not affected. 
affected. 





ON BAH 





(PC)+0001 


<— SP «+ (SP)-0001 
Msp + (PCH), SP + (SP)-0001 
Msp + (IX), SP < (SP)-0001 
Msp <« (ACCA), SP < (SP)-0001 
+ <« (SP)-0001 


(CCR) , SP 
pam! 


All the registers other than the stack pointer (SP) are pushed onto 
the stack. The interrupt mask bit is then set. Performs vectoring 
to the address indicated by the contents of the SWI interrupt vector 
address. 
















Instruction code 


Byte l i Byte 2 i Byte 3 bytes 
t 
a ee ee ee ee 


Addressing Operand 





‘ 

. | 

| Mnemonic : 
t 

} 


IMPLIED SWI. 





- Example 


OI1DC A6é FF 

OIDE B7 36 TIMER+1] * TIMER COUNTER SET 
O1EO A6é 3F #$3F ~ 

O1E2 B/ 35 TIMER © 

O1E4 A6 03 #3 TIMER CODE SET 

O1E6 83 MONITOR SERVICE CALL 
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Transfer 


TAX 


TAX (Transfer Accumulator to indeX register) 
Condition Codes 


Not affected. 


Format 







TAX 





Operation 


IX « (ACCA) 





Description 





Transfers the ACCA contents to IX. The ACCA contents are unaffected. 





Addressing Mode and Number of CPU Cycles 
{ 


of CPU 
1 cycles 





Addressing ; 
Mode Mnemonic | pone 


OIAE 97 SAVE ACCUMULATOR 
OlAF A6 04 #4 = 

O1B1 BB 50 RESULT ** ADD (RESULT+4) 
01B3 B7 50 RESULT . 

O1B5 9F REVIVE ACCUMULATOR 
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Comparison & Test | 


TST 


TST (TeST) 
Condition Codes 


: Not affected. 
I: Not affected. 
N: Set if the most significant bit of 

ACCA, IX or M is "1"; otherwise 
reset. 
Z: Set if the contents of ACCA, IX or 
M are "0"; otherwise reset. 
: Not affected. 





















(IX) - 00 
or 
(ACCA) - 00 
or 

(M) - 00 


Description 





Sets N and Z bits of the condition code register according to the 
contents of ACCA, IX or M. 


Addressing Mode and Number of CPU Cycles = 
er 
oO 
Byte l | Byte a; Byte 3] bytes 
: eee 
ACCUMULATOR 


q 
i 
t 
INDEX REG. 5D ! 
t 
j 
i 


TST ! i X 






















Number 
of CPU 
cycles 


2 











Mnemonic | Operand 


type 


Addressing 
Mode 







INDEXED O BYTE 
OFFSET 7D 


OFFSET Disp 


en 
ae 






OIBE 3D 03 CNTRL 
01CO 27 18 INITOO CNTRL=$00 


01C2 3D FF WORK 
01C4 2B 28 MINSOO WORK=(1XXX XXXX) 
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Transfer 


TXA 


TXA (Transfer indeX register to Accumulator) 


Condition Codes 


Not affected. 


Format 








TXA 





Operation 


ACCA < (IX) 


Transfers the IX contents to ACCA. IX contents are unaffected. 





Addressing Mode and Number of CPU Cycles 
aaa a Ser Number | Nunber 
Mode n EYPe Byte 1 i Byte 2 1 Byte 3 bytes cycles 
1 
IMPLIED TXA ae a a i Ss ee 











01B6 97 SAVE ACCUMULATOR 
01B7 A6 04 #4 * 


01B9 BB 50 RESULT ** ADD (RESULT+4) 
O1BB B7 50 RESULT : 
O1BD 9F | REVIVE ACCUMULATOR 
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. WAIT | 


| WAIT (WAIT) | _ 
| Condition Codes 


Not affected. 

















Operation 


L 


Description 


Enters into WAIT mode by WAIT instruction 
(Refer to WAIT MODE in "2.9 Low Power Consumption Mode" for details). 


_ Addressing Mode and Number of CPU Cycles | 











Mod Mnemonic | : of of CPU 
ie ee Byte 1 ' Byte 2 1 Byte 3] bytes cycles 

, 
IMPLIED WAIT | 2 oe ae 











ee ae EE ies ee TE ee ST 
ea ee 
re ee: SS. PEA ee Fe ee 
ee Se es ee, ee ee Ee ee 
ae eee eee ee ee ee ee Pe 
RR ee re See ee A ee Fe ee SOC 
ae eee PE ee ae ee Se i 
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1.7 BIL/BIH Instruction Precaution 


(1) Execute Instruction after the INT voltage level has stabilized above 
Vi, Of below V,,. 


(2) INT voltage level need to be stabilized while BIL/BIH Instruction 


Execution. 





There may be a malfunction by glitch on control signal if BIL/BIH Instruction 


Execution has exercised in unstabilized INT Signal level. 





BIL/BIH a BIL/BIH ey 


Avoid BIL/BIH Insruction Excution. 
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1. OVERVIEW 
1.1 Features of HD6305U0, HD6305V0, HD63705V0 


Hitachi's HD6305U0, HD6305V0 are CMOS 8-bit single-chip micro- 


computers containing CPU, RAM, I/O on a single chip. 
Features of this series are as follows; 


(1) Powerful Bit Manipulation Instructions 
Dew to upward compatibility with HD6805 family instruction set, 
powerful bit manipulation instructions are provided so that bit set, 
bit reset, bit test, and branch would be executed with a single 
instruction. These bit manipulation instructions are available to 


I/O and internal RAM as well. 


(2) Low Power Consumption 
To exploit the CMOS process technology fully, three low power 
consumption modes; STOP, WAIT and STANDBY; are incorporated. 


Table 1-1 Features of HD6305U0, HD6305V0 and HD63705V0 


ROM (k byte) ie ee Ee ee 
Memory 
RAM (byte) 















external 


Interrupt 






128 
31 
1 
2 
15-bit Timer 
1 (clock synchronous) 


4 


Speed Version HD6 3A05U0 HD63A05VO HD637A05VO 


(5v +102) | ite HD6 3B05U0 HD6 3B05V0O HD637B05V0 
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Table 1-2 Feature of EPROM ON CHIP TYPE FAMILY 


DC-40, 
(with’ window 


HD63705V0 is fully compatible with HD6305V0. 
It is possible to program with EPROM programmers that are 


commercially available (e.g 27256 type) since HD63705V0 contains 
4k bytes of EPROM. And this makes it possible to use them for 










debugging as well as evaluating the program. 


1.2 Block Diagram 


A block diagram of HD6305U0, HD6305VO is given in Fig. 1-1, 
HD63705V in Fig. 1-2, respectively. 


XTALEXTAL RES NUM INT STBY 


Accumulator 
8 A 













Miscella- 
neous 
Register 


TIMER Timer/ 


























A 
a ~|32 CPU F Ds /INT; 
Port A A, a 4 incex Control 2. Ds/CK  PortD 
A +8163 Register 5 
1/0 A? to /°e 8 x 8 2 Dae/Rx 1/0 
Terminals A’ ar 4 c | | Condition Code ag 5S [Tx Terminats 
A, 0.2 Register © : 
A, . 5 CCR % D: 
Stack Qa 0 
6 Pointer SP 
e 
5 od ounter 
Port B B, o5| 2% 6 “High PCH Ate 
1/0 Bs re ral 2 crower 
Terminals : Sg! @ ounter 
er 1 B; a. x % Cc 8 “Low” PCL Serial 
Be Og Status 
B, * Register 
C° 138 
Port C Ca Ogee 
1/0 ry C rs} > © x (=) 
Terminals Cy ar 8 S 
e° a *HD6305U0 ROM 2048x8, RAM 128x8 





*HD6305V0 ROM 4096x8, RAM 192x8 | 


Fig. 1-1 HD6305U0, HD6305V0 Block Diagram 
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Port A 
VO Pins 


Port B 
1/0 Pins 


Port C 
1/0 Pins 


XTALEXTAL RES NUM STBY 


EPROM Mode 
MCU Mode 


Vop/TIMER Timer/ 
Pel 












Miscella- 
neous 
Register 




























































INT/ EA, 
'0/ Ao _ 8 A 
EO. /A: as\ss index § D. /INT, 
Es! 3 5 of & a = Register x 3 4 4 2 has Port O 
A oO x = adi -4 : 
EOs/As c?\2 ¢ Condition Code 5S Pre Ose VOPins 
(aR; i B 4 
EOS/AS : 5 ResiteccR sc ee} OSE 
Stack Q Do 
6 Pointer SP 
Os ce conan 
a4 t 
8: 0 5| 2% 6 “High PCH ALU 
EA. /Be blog Program Register 
10/8 o¢ BS 8 “Low” PCL Serial 
EA,/B, ~ Register 
NCU Mode 
EArye (3s EPROM Mode 
EA, /C, Oo £ s 2 
EA; ICs 5 2 Q © 
EA,/ 4 a. Prd $ c 
EA; IC, Oo (} 
A/C, - 
1/C, 


Fig. 1-2 HD63705V0 Block Diagram 
Precaution for using the MCU in the ceramic package with a window 


(1) The data stored in EPROM may be lost or the MCU may be malfunc- 
tioned by photocurrent if the MCU is exposed to strong light like 
a fluorescent lamp or the sunlight. Therefore, it is recommended 


to cover the window with an opaque label. 


(2) Users should be particularly careful of static charge on the 
window, as it affects the MCU function to malfunction the LSI. 
The charge will be caused by rubbing the window with plastics or 
dry cloths, or touching a charged body on it. The opaque label 
that we recommended in (1) will be effective to distribute the 


charge evenly, if it is conductive. 


1.3 Terminal Functions 
(1) Terminal functions of HD6305U0 and HD6305VO are described below. 


@® VYcc> Vss 
Terminals for applying voltage. Vcc provides 5.0V+102 
power supply, while Vgc is grounded. 


@ INT, INT>; INPUT, INPUT/OUTPUT 
Terminals for external interrupt input to HD6305U0 and HD6305V0O. 
Refer to "2.7 Interrupt" for details. INT) is multiplexed with the Dg. 
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XTAL, EXTAL 
Input terminals to the internal clock circuit. Connect a 
crystal oscillator (AT cut, 2.0 V8.OMHz) or ceramic filter to these 


terminals. Refer to "2.6 Internal Oscillator Options" for details. 


TIMER; INPUT 
An external input terminal for controling event counter. 


Refer to "2.3 Timer" for details. 


RES; INPUT 
Resets the MCU. Refer to "2.5 Reset" for details. 


NUM 
NUM is not for user application. It can be used by connect- 


ing to Vgg. 


PORT A, B, C, D; INPUT/OUTPUT 

31 terminals consist of three 8-bit I/O ports (A, B, C) and 
one 7-bit I/O port (D). Each bit of these terminals function as input 
or output terminals by programming the Data Direction Register. 
Refer to "2.8 Input/Output" for details. 

D6 of port D is multiplexed with INT2. When Dg functions as 
a port, set MRg in Miscellaneous Register to "1" in order to mask INT> 


interrupt. 


@ STBY; INPUT 


A terminal for permitting the MCU to enter into the Standby 
Mode. When STBY goes to "Low" level, the oscillation stops and the 
MCU enters into the Reset Mode. Refer to "Standby Mode" in "2.9 Low 


Power Consumption Mode" for details. 


CK (Ds); INPUT/OUTPUT 
Terminal to transmit or receive SCI clock for serial data transfer. 


Refer to "2.4 Serial Communication Interface" for details. 


Ty, (D3) ; INPUT/OUTPUT 
This terminal used to transmit serial data. Refer to "2.4 


Serial Communication Interface" for details. 
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@ R, (Dy); INPUT /OUTPUT 
This terminal is used to receive serial data. Refer to "2.4 


Serial Communication Interface" for details. 


(2) The followings describs HD63705VO MCU input and output terminals. 


® Vcc Yss 
These are the power supply inputs. Vcc = 5.0V + 10%, Vgg = OV 
(ground). 


@ INT/EAg, INT2; INPUT, INPUT /OUTPUT 
The MCU receives an external interrupt through these terminals. 
For details, refer to "2.7 Interrupts". INT? is multiplexed with 
Port Dg- In the EPROM mode, INT is used as input of EAg. 





@ xXTAL, EXTAL 
These pins are inputs of the internal oscillator circuit. 
Connect crystal (AT cut, 2.0.8.0 MHz) or ceramic resonator 
to them. Refer to "2.6 Internal Oscillator Options" for using 


these inputs. 


@ TIMER/Vpp; INPUT 

This is an external input to control the internal timer 
circuit. Refer to "2.3 Timer" for details. 

In the EPROM mode, this terminal is used when programming EPROM. 
The programming voltage Vpp is applied to this terminal. 

When the voltage of 12.5V + 0.3V is applied to this terminal and 
CE and OE are set "Low" and "High" respectively, datas are written into 
EPROM through Port A (EQ, V EO7). EPROM addresses are input 
through the Port C (EAg V EA7), Port B (EAg, EAyo © EA;,) and 
INT (EAg). 


@ RES ; INPUT 
This is used to reset the MCU. Refer to "2.5 Reset" for details. 


@ NUM 


This is not for user application. Connect this pin to the 
Vgg in the MCU mode and to the Vag in the EPROM mode. 
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PORT A, B, C, D; INPUT/OUTPUT 

These 31 terminals consist of three 8-bit I/O ports (A, B, C) 
and a 7~bit I/O port (D). Each bit of these pins can be programmed 
as an input or output by programming the Data Direction Register. 
De is multiplexed with the INT2. When using the D6 as a port, 
set the INT> interrupt mask bit in the miscellaneous register to 
"1" to prevent the INT) interrupt. Refer to "2.8 Input/Output" 
for details. 


STBY; INPUT 

This is used to put the MCU into the standby mode. Setting 
this pin to "low" level stops the internal oscillator and resets 
the MCU internal state. Refer to "Standby Mode" in "2.9 Low Power 
Consumption Mode" for details. 

The followings are input/output pins for serial communication 
interface (SCI). These are multiplexed with D3, D4, or D5. 


Refer to "2.4 Serial Communication Interface" for details. 


CK (Ds); INPUT/OUTPUT 
This is used to input or output clocks when receiving or 


transmitting serial data. 


R, (Dy); INPUT /OUTPUT 


This is used to receive serial data. 


T, (D3); INPUT/OUTPUT 


This is used to transmit serial data. 
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2. INTERNAL HARDWARE AND OPERATIONS 
2.1 Memory 
Fig. 2-1 shows the memory map of HD6305U0, HD6305V0 and HD63705V0. 


During the processing of the interrupt, the register contents are 
pushed onto the stack in the order shown in Fig. 2-2. The stack 
pointer decrements. The low order byte (PCL) of the program counter 
is stacked first and the high order byte (PCH) of the program, the 
index register (X), the accumulator (A) and the condition code 
register (CCR) are stacked in that order. For subroutine calls, 


program counter (PCH, PCL) contents are pushed onto the stack. 

















OL_PORT A _]$00 : PORT A__]S00 0 ; "PORT A __}SOO 
11 PORT B 1$01 0 11 PORT B 1S01 | O Ports 11 PORT B 1$01 


2 $02 2 $02 ‘‘imer 2 $02 
3{_ PORT DO {$03 3f PORTO }$03 3[ PORT DO |$03 
4 $04 $04 4 $04 
5 $05 $05 5 $05 
6 $06 $06 6 $06 
7 $07 $07 7 $07 







8 $08 $08 8] Timer Date Reg |$O8 
Q[Timer CTRL Reg |$09 \ Timer CTAL Reg |$09 \ Q[Timer CTAL Reg |$O9 
6143 1o]_ Misc Reg |soa 4095 Misc Reg I$0A 4095 10 SOA 


Internal 


EPROM Not Used 
(4,096Bytes) 


Not Used Not Used 


(2,048Bytes) 





8180f "=~ 16] SCICTRL Reg 1$10 gi gopeon--~-n<- 16[ SCICTAL Reg |$10 oy aop=-------- 161 Sci CTAL Reg 1$10 
pera 17 Sci sts Reg ]$11 Aperrupt 17 $11 \pterrupt 17 $11 
8 — lef scioeres $12 § esd ie scours |gi2 = 18L Sci Date Reg I$ 12 


Not Used Not Used Not Used 


Net Used Not Used Not Used 


$7F $ 3F $ 3F 


16383 16383 16383 
HD6305U0 MCU HD6305V0 MCU HD63705V0 MCU 


Fig. 2-1 Memory Map 


Condition 
Code Register 
Index Register 


* In a subroutine call, only PCL and PCH are stacked. 





Fig. 2-2 Sequence of Interrupt Stacking 
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2.2 Registers 
This CPU contains five registers available to the programmer. 


They are shown in Fig. 2-3. 


Accumulator 


index 
Register 


oO o 


13 a O, 

: rogram 
| 
13 6 5 r) 


Lofojofojojofifsf SP Bainter 


Condition 
C |Cod 
HPN i zic Register 
Sarr bey 
Zero 
Negative 
Interrupt 
Mask 
Half 


Carry 


Fig. 2-3 Programming Model. 


(1) Accumulator (A) 
The accumulator is an 8-bit general purpose register which 
holds operands and results of the arithmetic operations or data 


manipulations. 


(2) Index Register (X) 

The index register is an 8-bit register used for the indexed 
addressing mode. It contains an 8-bit value which is added to an 
offset to create an effective address. 

The index register can also be used for data manipulations 
with read-modify-write instructions. 

When not performing addressing operations, the register can 


be used as a temporary storage area. 


(3) Program Counter (PC) 
The program counter is a 14-bit register which contains the 


address of the next instruction to be executed. 


(4) Stack Pointer (SP) 
The stack pointer is a 14—bit register containing the address 
of the next free location of the stack. Initially, the stack 
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pointer is set to location $00FF. It is decremented as a data is 
pushed on to the stack and incremented as data is then pulled out 
of the stack. The 8 high-order bits of the stack pointer are fixed 
to 00000011. During an MCU reset or a reset stack pointer (RSP) 
instruction, the pointer is set to location $O0O0FF. Subroutines and 
interrupts may be nested down to $00Cl, which allows programmers to 
use up to 31 levels of subroutine calls and 12 levels of interrupt 


responses. 


(5) Condition Code Register (CCR) 


(a) 


(b) 


(c) 


(d) 


(e) 





The condition code register is a 5-bit register indicating the 
results of the instruction just executed. These bits can be 


individually tested by conditional branch instructions. Each bit 





is described in the following paragraphs. 


Half Carry (H) 
When set, this bit indicates that a carry occurred between 


bit 3 and 4 during an arithmetic operation (ADD, ADC). 


Interrupt (I) 

Setting this bit masks all interrupts except for software 
ones. If an interrupt occurs while this bit is set, the interrupt 
is latched and is processed as soon as the interrupt bit (I) is 
cleared. (More precisely the interrupt enters the servicing 


routine after the instruction next to the CLI is executed.) 


Negative (N) 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation is negative. (Bit 7 


in the result is a logical "1".) 


zero (Z) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation is zero. 


Carry/Borrow (C) 
When set, this bit indicates that a carry or borrow occurred 


during the last arithmetic operation. This bit is also affected by 


‘bit test and branch instructions, shifts and rotates. 
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2.3 Timer 


Fig. 2-4 contains a block diagram of the timer. The 8-bit 
counter may be loaded under program control and is decremented towards 
zero by the clock input. When the counter, that is, the timer data 
register (TDR) reaches zero, the timer interrupt request bit (bit 7) 
of the timer control register is set. When recognizing the interrupt 
request, the MCU proceeds to store the current CPU state on the stack, 
and then fetches the timer vector address from locations $1FF8 and 
$1FF9 (or $1FF6 and $1FF7 if in the wait mode) in order to execute the 
interrupt service routine. The timer interrupt can be masked by 
setting the interrupt mask bit (bit 6) of the timer control register. 
The mask bit (I) of the condition code register can also disable 


the timer interrupt. 


The clock input to the timer can be from an external source 
applied to the TIMER input pin, or it can be the internal E signal 
(which is a clock obtained by dividing the oscillator clock by four). 
When the E signal is used as the source, it can be gated by an input 


applied to the TIMER pin. 


The counter start counting down from "$FF" after it reaches zero. 
The counter may be monitored at any time by reading the contents of the 
timer data register. This allows a program to determine the length of 
the time since the occurrence of a timer interrupt without distarbing 


the counter contents. 


At reset, the prescaler and counter are initialized to "$7F" and 
"$FO", respectively. The timer interrupt request bit (bit 7) is cleared 


and the timer interrupt request mask (bit 6) is set. 


The timer interrupt request bit must be cleared by software. 
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Initialize 


Timer Control 
Register 
(Internal 
Clock) 


(TCR;$0009) 
E 


Prescaler TCR? rene TCRSITCA4ITCRI rome 


Input 


Timer Data 
Register (TDR;$0008) 


Clock Input 


Timer Interrupt 


Fig. 2-4 Timer Block Diagram 


Table 2-1 
TCR7 Timer interrupt request 
0 Absent 
1 Present 
TCR6 Timer interrupt mask 
0 Enabled 
1 Disabled 


(1) Timer Control Register (TCR; $0009) 


Selection of a clock source, selection of a prescaler fre- 


quency division ratio, and a timer interrupt can be controlled by 


the timer control register (TCR; $0009). (Refer to Fig. 2-5). 


For the selection of a clock source, any one of the four modes 
(Refer to Table 2-2) can be selected by bits 5 and 4 of the timer 
control register (TCR). 


Prescaler division ratio selection 
Prescaler initialize 
Clock input source 


Timer interrupt mask 
Timer interrupt request 





Fig. 2-5 Timer Control Register (TCR; $0009) 
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After reset, the TCR is initialized to E under timer terminal 
control (bit 5 = 0, bit 4 = 1). If the timer terminal is "1", 
the counter starts counting down with "$FO" immediately after reset. 

When "1" is written in bit 3, the prescaler is initialized. 
This bit always shows "0" when read. - 

A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (Refer to 
Table 2-3). There are eight different division ratios: +1, +2, 74, 
+8, +16, +32, +64 and +128. After reset, the TCR is set to the #1 
mode. | 

A timer interrupt is enabled when the timer interrupt mask bit 
is "0", and disabled when the bit is "1". When a timer interrupt 
occurs, "1" is set in the timer interrupt request bit. This bit 


can be cleared by writing "0" in that bit. 


Table 2-2 Clock Source Selection 


x ; 
Bit 5 Bit 4 Clock input source 


Internal clock E 
E under timer terminal control 


No clock input (counting stopped) 


ro) 
a 
Ss] 

—_ rm 


Event input from timer terminal 


Table 2-3 Prescaler Division Ratio Selection 


TCR 


Bit 2 Bit 1 Prescaler division ratio 


Bit 


miei-meirerlio;oroto 
— | ie od ood | 
5 | ; © 
ofe 
ce 2] 


. 
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2.4 Serial Communication Interface (SCI) 


The SCI is used for transferring 8-bit data in serial. The transfer 
clock width ranges from 1 us to about 32 ms (with a 4 MHz oscillator), 
and sixteen types of transfer clock widths are available. The SCI 
consists of three registers, an octal counter and a prescaler as shown 
in Fig. 2-6. It communicates with CPU through the data bus lines and 
with peripherals through bits 3, 4 and 5 of Port D. The followings 


describe the registers and the data transfer operations. 


SCI Control Registers (SCR; 0010) 


SCR7 | SCR6|SCR5j SCR4|SCR3 scra|scRt SCRO E 


font | Mersemremrath (ont Glock 
plexer scaler | Generator 
D,(EK) ¢ - 
SCI Data Registers /\ 
(SDR: $0012) 


7 ; 5 0 





Initialize 


Le ap ap ae wee @ a a = = 


i 
' 
' 
' 
‘ 
' 
t 
i] 
‘ 
Q 
' 
‘ 
' 
L 


SCI Status Registers 
(SSR :$001 1) 


SCI/TIMER2 





Fig. 2-6 SCI Block Diagram 


(1) SCI Control Register (SCR: $0010) 


Fig. 2-7 shows SCI Control Register configulation. 


Bit 7 (SCR7) 
When this bit is set to "1", the DDR corresponding to D3 is 
set to "1" and D3 functions as output of SCI data. After reset, 


the bit is initialized to "0". 
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Bit 6 (SCR6) 
When this bit is set to "1", the DDR corresponding to Dy, is 
set to "0" and D, functions as input of SCI data. After reset, the 


bit is initialized to "0", 


Bits 5 and 4 (SCR5, SCR4) 
These bits select a clock source. After reset, the bits are 


initialized to "0". 


Bits 3 V0 (SCR3 % SCRO) 


These bits select a transfer clock rate. After reset, the bits 


are initialized to "0". 


7 6 5 4 3 2 1 e] 
cl ve sa i com st 


Fig. 2-7 SCI Control Register 











Transfer clock rate 


4.00 MHz 













SCR3 SCR2 SCR1 SCRO 


4.194 MHz 








0 1 us 0.95 us 
0 2 us 1.91 us 
0 4 us 3.82 us 
0 8 us 7.64 us 

i d t 

1 1/32s 


32768 us 


SCR7 D3 terminal 
0 Used as 1/0 terminal (by DDR). 
1 Serial data output (DDR output) 
SCR6 D4 terminal 
0 Used as I/O terminal (by DDR). 
1 Serial data input (DDR input) 
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SCR5 | SCR4 D5 terminal 
ofo{ - 
Used as I/O terminal (by DDR). 
iat 
1 | 0 | tnternat | Clock output (DDR output) 
1 Clock input (DDR input) 


(2) SCI Data Register (SDR: $0012) 


A serial-parallel conversion register used for data transfer. 
(3) SCI Status Register (SSR: $0011) 
5 ; Ye ey | ° 
snr sn sons} sre sral XXX 


Bit 7 (SSR7) 





This is the SCI interrupt request bit which is set on the 
completion of transmitting or receiving 8-bit data. It is cleared 
when the MCU is reset or data is written to or read from the SCI 
data register with the SCR5 = "1". This bit can also be cleared 
by writing "0" into it. 


Bit 6(SSR6) 

This is the TIMER, interrupt request bit. The TIMER, is also 
used as the serial clock generator, and this bit is set on the 
every negative edge of the internal transfer clock. When the MCU 
is reset, the bit is cleared. It can also be cleared by writing 


"O" into it. (Refer to "2.3 Timer" for details). 


Bit 5 (SSR5) 

This is the SCI interrupt mask bit which can be set or cleared 
by software. When this bit is "1", the SCI interrupt (SSR7) is 
masked. Resetting the MCU sets this bit to "1". 


Bit 4 (SSR4) 

This is the TIMER interrupt mask bit which can be set or 
cleared by software. When this bit is "1", the TIMER, interrupt 
(SSR6) is masked. Resetting the MCU sets this bit to "1". 


Bit 3 (SSR3) 
Writing "1" into this bit initializes the prescaler of the 


transfer clock generator. A read of this bit always indicates i 8 ha 
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Bit 2 ~v Bit 0 


Not used, 

SSR/7 SCI Interrupt Request 
0 Not Requested 
1 Requested 

SSR6 TIMER, Interrupt Request 
0 Not Requested 
1 Requested 

SSR5 SCI Interrupt Mask 
0 Interrupt Allowed 
1 Interrupt Inhibited 

SSR4 TIMER, Interrupt Mask 
0 Interrupt Allowed 
1 Interrupt Inhibited 


Transmit Operations 


The transfer clock width and the clock source are determined 
by setting the corresponding SCI control register bits, and then 
D3 and D5 are set to serial data output pin and serial clock 
pin respectively. The transmit data should be moved from the 
accumulator or the index register into the SCI data register. 
Then, the data moved into the SCI data register is output through 
the D3/Tx pin, starting with the LSB, synchronously with the 


negative edge of the serial clock. Refer to Fig. 2-8. When 
8 bits of data have been transmitted, the bit 7 of the SCI status 


register (interrupt request bit) is set on the positive edge of the 
last serial clock. This interrupt request can be masked by setting 
bit 5 of the SCI status register. After completion of the data 
transmission, the 8th bit of data (MSB) stays at the D,/Tx pin. If 
the external clock source is selected, the transfer clock width 
determined by bit 0 to bit 3 of the SCI control register is ignored 
and the Ds/CR pin is set as input. If the internal clock source is 
selected, the Ds/CK is set as output and clocks are generated with 
the transfer clock width selected by bit 0 to 3 of the SCI control 


register. 
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Serial Clock (Cg/ER) 








1 d 
(useX/ XX 
input Oeste Latch 
Timing (Cg/Ax) | | | | | | | | 


Fig. 2-8 SCI Timing 


Previous 
Output Oeta (C7/Tx) dete 





(5) Receive Operations 


(6) 


The transfer clock width and the clock source are determined 
by setting the corresponding SCI control register bits, and the Dy 
pin and the D, pin are set to serial data input pin and serial clock 
pin respectively. Then the receive operation is enabled by dummy- 
reading or -writing the SCI data register. (This procedure is not 


needed after a data is received. It is needed after reset or when 





no data is received yet.) The received data through the D,,/Rx pin 
is input to the SCI data register synchronously with the positive 
edge of the serial clock. (Refer to Fig. 2-8.) At completion of 8-bit 
data reception, the bit 7 in the SCI status register (interrupt 
request bit) is set. This interrupt request can be masked by set- 
ting bit 5 of the SCI status register. If the external clock 
source is selected, the transfer clock width determined by bit 0 to 
bit 3 of the SCI control register is ignored and data is received 
synchronously with the clock input through the D./CK pin. If the 
internal clock source is selected, the Ds/CK acts as an output and 
clocks are output with the transfer clock selected by bit 0 to 

bit 3 of the SCI control register. 


TIMER 

The SCI transfer clock generator functions as a timer. The 
SCI clock selected by bits 3 to 0 of the SCI Control Register (4 us 
to approx -32 ms in 4 MHz operation) is transmitted to bit 6 of the 
SCI Status Register, and the timer 2 interrupt request bit is set 
at each falling edge of the SCI clock. Since this interrupt occurs 
periodically, Timer? is available for a reload counter or a timer. 

Timer g is multiplexed with the SCI transfer clock generator. 
When using Timerg independently of the SCI, external clock should 
be selected as SCI clock source by setting both SC5 and SC4 to "1", 

If Internal clock is selected as a SCI clock source, reading 
from or writing to the SDR initializes the prescalor of the SCI 
tfatiafer clock generator. 
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@  =:Transfer clock generator is reset and mask bit (bit 4 
of SC! status register) is cleared. 


@,@ : TIMER? interrupt request 
@®,@® : TIMER? interrupt request bit cleared 


2.5 Reset 


The MCU can be reset either by external reset (RES) or power-on 
reset (Refer to Fig. 2-9). On power up, the reset input must be held 
"Low" for at least togc to assure that the internal oscillator is 


Stabilized. A sufficient delay time can be obtained by connecting a 


Capacitance to the RES input as shown in Fig. 2-10. 


Vic RES 
Terminal 


internal 
Reset 





Fig. 2-9 Power On and Reset Timing 





Fig. 2-10 Input Reset Delay Circuit 
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2.6 Internal Oscillator Options 


The internal oscillator circuit is designed to meet the require- 
ment for minimum external configurations. It can be operated by 
connecting a crystal (AT cut, 2.0 \% 8.0 MHz) or ceramic oscillator 


between pins 38 and 39 according to the required oscillation frequency 


stability. 


Fig. 2-11 shows three types of terminal connections, while 
Fig. 2-12 and 2-13 illustrate the specifications and typical arrange- 


ment of the crystal, respectively. 


EXTAL 
XTAL MCU 
10~22pF + 20% 
C 


rystal Oscillator 





AT Cut 
Parallel 
Resonance 


Co=/pF max. 
f=2.0~8.0MHz 
Rs=602 max. 


EXTAL 





External 
Clock 
Input 





(Note) Keep crystal leads and circuit connections as short as possible. 
Do not allow these connections to cross others. 


External Clock Drive 





Fig. 2-13 Typical Arrangement of Crystal 


Fig. 2-11 Internal Oscillator Options 
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HD6305U0 and HD6305V0 have six interrupt sources; external inter- 
rupt (INT, INT>), internal timer interrupt (TIMER, TIMER)), serial 
interrupt (SCI) and interrupt by an instruction (SWI). INT?, 

TIMER, SCI, and TIMER? interrupts generate vector addresses. 


When an interrupt occurs, the progressing program stops and the 
current CPU status is pushed onto the stack. Then Interrupt Mask bit 
(I) of Condition Code Register is set and the start address of the 
interrupt service routine is obtained from a particular interrupt 
vector address. Then the interrupt service routine starts from the 
Start address. System can return from the interrupt service routine 
by RTI instruction. When RTI instruction is executed, the CPU status 
before the interrupt (saved onto the stack) is pulled and the CPU restarts 
the sequence with the instruction next to the one at which the inter- 
rupt occurred. Table 2-4 lists the priority of interrupts and their 


vector address. 


A flowchart of the interrupt sequence is shown in 2-14. A block 


diagram of the interrupt request source is shown in Fig. 2-15. 


(1) External Interrupt 


INT input can be selected as level and edge combination sense, 
or edge sense by programming bit 5 of Miscellaneous Register. 
(If bit 5 = 1, INT is level and edge sensitive. If bit 5 = 0, INT 


is edge sensitive.) INT> input is an edge triggered input. If the 


falling edge of INT, or INT, input is detected, it is internally 
latched and the interrupt request is accepted. Internally latched 
edge sensitive INT request is automatically cleared when the CPU 
initiates INT interrupt service routine. The INT, interrupt 

request is cleared when "0" is written to bit 7 of the Miscellaneous 
Register. 

If the I bit of the Condition Code Register is set to "1", 
interrupt requests of the external interrupts (INT, INT») are 
retained, but not serviced. Immediately after the I bit is cleared, 
the CPU jumps to the corresponding interrupt routine. The INT 
interrupt can be masked by setting bit 6 of the Miscellaneous 
Register. 

The INT status can be tested by a BIL or BIH instruction. 

The INT falling edge detector circuit and its latching circuit, 
and INT) are not affected by executing BIL and BIH instructions. 
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(2) Internal Interrupt and SCI Interrupt 
When I bit of the Condition Code Register is set to "1", 

internal timer interrupts (TIMER, TIMER») and SCI interrupt requests 
are retained, without being serviced. Immediately after the I bit is 
cleared, the CPU initiates the corresponding interrupt service 
routine. Timer interrupt, SCI interrupt, Timer) interrupt can be 
masked by setting bit 6 of Timer Control Register, bit 5 of SCI 
Status Register, and bit 4 of SCI Status Register, respectively. 


Table 2-4 Interrupt Execution Priority 


Interrupt Vector Address 
RES $1FFE, $1FFF 

SWI $1FFC, $1FFD 

INT $1FFA, $1FFB 
TIMER/TNT> $1FF8, $1FF9 
TIMER (Wait Mode) $LFF6, $1FF7 
SC1/TIMER} ae $1FF4, $1FF5 
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1-1 
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CLR INT Logic 
$FO-TDR 
$7F—Timer Prescaler 
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sci 
SSR5 = ° SSR7 
TIMER2 
SSR4 = o:sone 


Stack 
PC, X, A, CCR 


Load PC From 




















SWI$1FFC.$1FFD 
INT $1FFA.$1FFB 
TIMER: $1FF8.$1FF9 
Execute Execute INT, S1FFB.S1FFS 
; ; TIMER(Wait Mode): 
Instruction instruction $1FF6,$ 1FF7 


SCI: $ 1FF4,$ 1FFS 
TIMER2: $ 1FF4,$ 1FF5 






Fig. 2-14 Interrupt Flowchart 
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Vector Address Generated: 
SIFFA, S1FFB 






BIH, BIL Test Condition Code 
BS Register (CC 
Interrupt a 
Latch So 
— |) 
INT WY > a Dp INT } ) Interrupt Control! 


Circuit 
Falling Edge Detector 


Miscellaneous Register (MR) 


tl bo — 
= 


Timer Control 
Register (TCR) |) 


TIMER | TCR7| TCAG| 


3 
N 


Vector Address Generated: 
$1FF8, $1FF9 


‘SO ($1FF6, $1FF7 for 
TIMER interrupt during 
Serial Status 
Register (SSR) 


SCI/TIMER2 —_| ssn7|ssne|ssrs|ssna| TIMER? 
| | 
E> Sena ©. Vector Address Generated: 
——-—. SIFF4, SIFF5 


SCi 


Fig. 2-15 Interrupt Request Generation Circuitry 
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(3) Miscellaneous Register (MR: $000A) 


Miscellaneous Register (MR: $000A) specifies INT request sense 
(edge sense or level sense) and controls INT? interrupt. Bit 7 of 
Miscellaneous Register is an INT) interrupt request flag. When the 
falling edge of INT) is detected, MR7 is set to "1". In the inter- 
rupt service routine (vector address: $1FF8, $1FF9), bit 7 is check- 
ed by software if it is INT) interrupt or not. Bit 7 can be reset 
by software. Bit 6 is the INT? interrupt mask bit. If this bit 
is set to "1", the INT? interrupt is disabled. Bit 7 is softwarely 
readable and writable, but cannot be programmed to "1". This 
means that an interrupt cannot be requested by software. 

During reset, bit 7 and bit 5 are initialized to "0" and bit 6 


is initialized to "1", 


Miscellaneous Register (MR; $000A) 


4 3 2 1 0 


7 6 5 
LMA7 | mre | mas |“) | | L 


INT Input Select 


NT, Interrupt Mask 


INT, Interrupt Request 





2.8 Input/Output 
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I/O port | | 
31 Input/Output porta’ Gee A, B, C, D) are provided. Each 

of them can function as either input or output by programming the 
Data Direction Register. If corresponding bit of Data Direction 


Register is programmed to "0", the I/O port functions as an input. 


While corresponding bit of Data Direction Register is programmed to 


"1", the I/O port functions as an output (Refer to Fig. 2-16(a)). 
During reset, all the Data Direction Registers are initialized 
to "0" and all I/O ports function as input. 


I/O ports are compatible with TTL and CMOS in respect to both 


input and output. 
If 1/0 ports are not used, they should be connected to Vsg through 


resistors. If these terminals are left open, they may consume extra 


power. 
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a. HD6305U0, HD6305V0 (Ports A, B, C and D) 





Oats 
Direction 
Register Bit 





EPROM Data 










Data 
Direction 
f Register Bit 


Port Bo~B;, 8, 
Port De. Os ~ Oo 
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Register Bit 


PROM Mode 


EPROM Address input 

oe rd Signal Input 
Port C, Ports B., 8; , B> 
Ports D,;, 0; 


b. HD63705V0 


Fig. 2-16 Input/Output Common Port Circuit Diagram 


© HITACHI 
125 








126 


2.9 Low Power Consumption Mode 


The HD 630500, HD6305V0, HD63705V0 have 3 Low Power Consumption 


Modes; Wait mode, Standby mode, Stop mode. 


(1) Wait Mode 


(2) 


When WAIT instruction is executed, the MCU enters into the 
WAIT mode, the oscillator does not stop, but the internal clock 
stops. The CPU stops but the internal peripherals; Timer 
and SCI; continue their current operations. (NOTE: Once the 
system enters into the wait mode, the serial communication inter- 
face can no longer be retriggered.) During the Wait mode, CPU 
registers, except I bit of the Condition Code Register, RAM and I/0 
terminals hold their conditions just before entering into the 


wait mode. I bit of the Condition Code Register is cleared to "0". 


The MCU is released from wait mode by an interrupt (INT, 
TIMER/INT>, or SCI/TIMER2), RES or STBY. The RES resets the MCU, 
and the STBY brings it into the standby mode. (Refer to Standby 
mode for details). | 

When an interrupt request is accepted, the CPU is released 
from the Wait mode to start interrupt response sequence for 
vectoring to the interrupt service routine. If TIMER/ INT? or 
SCI/TIMER, interrupt is masked by programming the Timer Control 
Register, Miscellaneous Register or SCI Status Register, the wait 
mode cannot be released by interrupt. 


Fig. 2-17 shows a flowchart when executing WAIT instruction. 


Stop Mode 
- When STOP instruction is executed, the MCU enters into the 

stop mode. In this mode, the oscillator stops, and the CPU and 
internal peripherals stop operating. The RAM, registers (except 
bit 6 and 7 of the timer control register and the I bit of the 
condition code register) and I/O terminals retain their condition 
just before entering into the stop mode. 

The MCU is recovered from the stop mode by the external 
interrupt (INT, or INT>), RES or STBY. The RES resets the MCU, 
and the STBY brings it into the standby mode. 

When an interrupt request is accepted, the stop mode is exited 
and the CPU begins the interrupt response sequence for vectoring to 
the interrupt service routine. If the INT) interrupt is masked by 


programming Miscellaneous Register, the stop mode cannot be exited 


© HITACHI 


(3) 


by INT, interrupt. 

Fig. 2-18 shows a flowchart when executing STOP instruction. 
And Fig. 2-19 shows a timing chart when recovering from stop mode. 
When an interrupt (INT or INT)) occurs during stop mode, the 
oscillation starts and 20 ms max later the stop mode is exited and 
the interrupt response sequence starts. When RES input is held"Low" 
for at least 20 ms during stop mode, the oscillator starts and the 
MCU restarts operation by asserting RES "High". Note that RES~ 
input should be held "Low" for at least 20 ms (tg,,) to assure 


oscillator stabilization time. 


Standby Mode 
The MCU goes into the standby mode when the STBY goes 


"Low". In this mode, all MCU operations stop and the internal 





condition is reset, holding the RAM contents. All 1/0 
terminals enters into high-impedance state. The standby mode can 
be exited by asserting STBY "High", and RES "Low" simultaneously. 
Then, RES should be held "Low" for at least 20 ms (to,,) to assure 
oscillation stabilization time. Fig. 2-20 shows RES and STBY 
timing. 

Table 2-5 lists the status of each part of the MCU in each 
low power dissipation modes. Transitions between each mode are 


shown in Fig. 2-21. 
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Oscillator Active 
Timer and Serial 
Clock Active 

All Other Clocks 
Stop 


Clear | bit 





Mode 





Restart 
Processor Clocks 


Initialize 
CPU, TIMER, SCI, 
1/O and All 

Other Functions 


















unr > ES ; 
@ ' 
238 
> 


<> 


Yes 


Restart 
Processor Clocks 


Load PC from 
$1FFE, $1FFF 





Load PC from 
Interrupt Vector 
Addresses 







Fetch 
Instruction 


Fig. 2-17 Wait Mode Flowchart 
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Stop Oscillator 
and All Clocks 
Clear | bit 
TCR7 — O 
TCR6 + 1 


SSR7 — O 
SSR6 ~- 0 
SSR5 ~— 1 
SSR4 + 1 
TDR < $F0 





to Standby 
Mode 






Turn on Oscillator 
Wait for Time Delay 










Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
$1FFE, $1FFF 










Load PC from 
Interrupt Vector 
Addresses 







Fetch . 
Instruction 


Fig. 2-18 Stop Mode Flowchart 
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on TT _, MCU 
STOP instruction Interrupt stabilized (built-in delay time) lac cuctloke 
executed ile 


(a) Restart by Interrupt 


oscitator TTT _, PcvAUUNATANOONODATOOOVAAAGOORUUOATHOOUNAGOOOOOOEUUHHE 


7 i eee 


STOP instruction 
executed 


RES $$$ _______—_ 


Time required for oscillation to become 


Ree. 
stabilized (tosc) 


(b) Restart by Reset 





Fig. 2-19 Timing Chart of Releasing from Stop Mode 


STBY | 


tosc Restart 


Fig. 2-20 Timing Chart of Releasing from Standby Mode 
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Table 2-5 Status of Each Part of MCU in Low Power Dissipation Modes 





Condition 


Mod —— 5 
ode Start Oscil cpy_ | Timer, Register*] RAM 1/0 Escape 
lator Serial terminal 
WAIT in- j 7 F ? 
WAIT deedaocion Active! Stop | Active Keep Keep Keep each interrupt request of 
Soft- TIMER, TIMER), SCI 
ware 
STOP in- kek eae ee! ee 
Stand-| Hard- | —— ,, 
by ae STBY="'Low Stop Stop Stop Reset Keep 


* Internal Register (except I-bit of Condition Code Register). 
*k 6Refer to Fig. 2-20. 


STBY="High" 








STBY = “0” Standby 
Mode 
RES = 


RES ss “Q"" 
STBY = ogee 





Fig. 2-21 Transitions among Active Mode Wait Mode, 
Stop Mode, Standby Mode and Reset 
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2.10 EPROM Mode (HD63705VO) - 


(1) Mode Selection 
The HD63705V0 has two operation modes; MCU mode and EPROM mode. 
Each mode can be determined according to the NUM and STBY states 


as Table 2-6 shows. 


(a) MCU Mode © 
All ports are available in this mode. (Refer to Fig. 2-22). 


Table 2-6 Mode Selection 


Mode 


EPROM Mode 


Interrupt Vector Operation Mode 
Single-chip mode 


Cw! EPROM programming mode 


"L" = logic "0", "H" = logic "1", I; Internal *; Don't care 


(b) EPROM Mode | 
EPROM can be programmed in this mode. Refer to "Internal EPROM 


Programming" for details. 


(c) Overview of Mode and Port 


Table 2-7 shows MCU signals in each mode. 


Table 2-7 Overview of Mode and Port 


Mode MCU Mode _ EPROM Mode 

pore A 1/0 port | Data bus (E0q ‘© E07) 

Port B | 1/0 port | Data Address Input EAg (B7), EAjg> EA,1(B5, By) (Note 1) 
Port C | I/O port | Address Input (EAy % EA) 


Port D|1I/0 port | OE (D,), CE (D2) (Note 2) 


INT Input Address Input (EAg) 
TIMER Input Program Voltage (VPP) 
(Note 1) Bg \ By are not used. Ground B3 to GND. Bg is not used. 


(Note 2) Do» D3 ~ Dg are not used. Ground D¢ to GND. 
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Port A 
8 Data Bus 


HD63705V0 
MCU 


PortA 
8 1/O Lines 


Port B Port B, INT 
8 1/0 Lines 4 Address Bus 





Fig. 2-22 MCU Mode Fig. 2-23 EPROM Mode 


(2) Memory Map 
Fig. 2-24 shows a memory map in each mode. Internal registers 


addresses are located in $0000 to $001F as shown in Table 2-8. 


MCU Mode EPROM Mode 


HD63705V0 HD63705V0 


Internal 
Register 


Internal 
RAM 


$0000 
Internal Internal 
EPROM EPROM 
Yj, SOFFr 


Fig. 2-24 Memory Map 
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Table 2-8 Internal Register 


(R/W) : Read/Write Register 
(R) : Read Only Register 
(W) : Write Only Register 


_Read/Write*l/Initial Value after Reset 


R/W 
Port A Data Register $00 $00 
R/W 
Port B Data Register $01 $00 
R/W 
Port C Data Register $02 $00 
Lal ti 
Port D Data Register $03 Lat 
1 $00 
Port A Data Direction R/W 
Register $04 
$00 
Port B Data Direction $05 sell 
Register | $00 
Port C Data Direction $06 a R/W 
Register | $00 
ee | Not R/W 
Port D Data Direction $07 Used | ‘ 
Register OM rere Teepe ye 
: R/W 
Timer Data Register $08 = 
F 
R/W 
Timer Control Register $09 Pian : A | ; 
SEVER EARS 
ar anae sau R/W | Not Used 
1sceilaneous Kegister 
$0B 
Not Used S 
$OF 
R/W 
SCI Control Register $10 $00 
$11 RW | 
SCI Status Register 
R/W 
SCI Data Register $12 : es 
ndefine 


*1 R: Read Only W: Write Only R/W: Readable/Writeable 
*2 Only "0" can be written. 
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(3) Internal EPROM Programming 

When the HD63705V0O enters into EPROM mode, the CPU and internal 
peripherals stop operations, and the MCU comes to be equivalent to 27256 
type EPROM. Then, the 4k bytes of internal EPROM can be programmed 
in the same way as 27256 type EPROM. The HD63705VO enters into the 
EPROM mode by pulling STBY "Low" and NUM "High" as shown in Table 2-6. 
In this mode Ag V A7 are used as Data input/output, Cg v C7 and 
B4, Bs and B7 are used as address input, D is used as OE input, and 
D, is used as CE input. Note that the address range must be $0000 through 
$OO0FF because the on-chip EPROM is 4k bytes. Fill remainder of EPROM with 
FFFF for PROM programmer to correctly verify. 





(a) Program/Verify 
Data 1s input and output through Port A in EPROM mode. 
Programming voltage should be applied to TIMER/Vpp for 
EPROM programming and verification. 
If CE is asserted "Low" and OE is pulled "High", EPROM can 
be programmed through Port A. 
If OE is asserted "Low" after programming, the program can 
be verified through Port A. 
If both CE and OE are pulled "High", Port A enters into high- 
impedance state to inhibit EPROM programming and verification. 


Table 2-9 lists terminal state in EPROM mode. 
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Table 2-9 Pin Conditions in EPROM Mode 





TIMER | Port CgvC7, 
MODE Vv Vv ~ 
OSS | Wp) fee ee re B4, BS, B7 sacle cg: 

—— co Pel ee 
Verification ju" | ps tat | GND 
Programming / 
Verification +6 GND 
Disable 
= = coe 

impedance 


"H"; Vig level, "L"; Viz level 
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3. APPLICATION AND PRECAUTIONS 
3.1 Watch-Dog Timer 


(1) Purpose 
A simple method of implementing the watch-dog timer, which is 
generally known as a means of recovery from a system upset, will 


be described below. 


(2) Basic circuit 


Fig. 3-1 shows the basic circuit for recovery from a system upset. 





ES 


Microcomputer 


Port 


Monostable 
Multi-vibrator 





Fig. 3-1 Basic Circuit for Recovery from a System Upset 


(3) Operation outline 


(i) In structuring system software, design the whole system so 
that a pulse is generated through the port within a pre- 


determined period (T<RC) if the program is normally executed. 


(ii) When the system enters into the loop and is deadlocked or 
when the system upsets the system presents no change in the 
port output (e.g. it does not generate alive pulse), so that 
the @®) point potential increases and the microcomputer is 


reset. 


(iii) Preset the RC at above the maximum value among all of the 
routes that can exist in normal operation. RC is set at a 


value greater than 10 ms in the example below. 
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(Example) 


Pass @: 5 ms + 2 ms = 7 ms 
@®: 5 ms + 5 ms =10 ms 


©: 7 ms 


* Preset as the pass = 10 ms<RC 


START 
INITIALIZE 
occurs 













7 ms max 
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3.2 Auto Reset Circuit 


(1) Purpose 
The following describes how to implement the reset circuit for 


power-on reset or auto reset at Voc<Yim: (Vim; Threshold level.) 


(2) Basic circuit 


Fig. 3-2 shows the basic circuit of auto reset. 


to the RES 


V 
pin 22 





HA17901 = Cy 


or 
HA17903 


(a) 





Fig. 3-2 Basic Circuit of Auto Reset 


(3) Operation principle 


(i) Power-on reset 


V Vcc 


Vout ‘ 


C4 xX Ry 


Since the RES pin is pulled up by Rj, the RES rising time 
is delayed by C,°R, during power up, so that the MCU can be 


reset normally. 


(ii) Auto-reset 
The auto-reset operation of the basic circuits (a, b) in 


Fig. 3-4 is performed as follows. 


(a) Since the voltages V7, and Vp,, applied to ZD, and Dj, 
are constant even if Vcc changes. The followings 


describes the RES signals. 


— = Vcc when Vcc 7? V71 + VF1 


Vout GND when Vcc < Vz1 + VFl1 


(b) Since the voltage V72, applied to ZD2, and the ON 
level Vp2 of Trg are constant, even if the Vcc changes. 
The followings describe the RES signals. 


@ HITACHI 
139 








140 


(iii) 


Vv 
(Threshold eM 


voltage) 
ues xX A, 


Vout = GND when Vcc < V7? + VF2 





When the Vcc changes, threshold level, Vjy is affected 
by replacing the Zener diodes ZD, and ZD». 


The Auto-reset function will be more stabilized by feeding 
back the output signal to the RES pin, tuning finely the 
reference voltage, and providing hysteresis with the Vy 
and the Vjy2- (Vim is a voltage during the shifting from 
operation to resetting, and VjmM2 is the voltage in recover- 


ing‘) 


3.3 Manual Reset Circuit 


(1) Purpose 


When the MCU is reset by an external switch, it is necessary to 


prevent chattering. The following describes a reset circuit in 


which chattering prevention and power-on reset functions are 


provided. 


(2) Basic circuit 


Fig. 3-3 shows the basic circuit of manual reset. 


t en 
To the RES pin 


a r HD74LS814 





Fig. 3-3 Basic Circuit of Manual Reset 


(3) Operation principle 


(i) 


Power-on reset 
During power-up, the capacitor C will be charged and the 
Vin rising time will be delayed by the CR charge time, so 


that power-on would reset normally. 
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V Vcc 


Vout 
1.6V Vin 


t=CxR 


(ii) Manual reset 


When SW is on, the V,,,, goes "0" and the MCU is reset. When 
SW is off, the capacitor C is charged, so that the rising 
time of V,_ is delayed by the CR charge time. Chattering 


is prevented by the capacitor C and the Schmidt trigger 
HD74LS14. 


@) When SW OFF 


@ When SW ON 
Vout ™ Vcc when Vin > 1.6V 





3.4 A/D Converter Circuit (1) ... High Speed 


(1) Purpose 


The following describes how to implement a simple A/D conversion 


(analog-digital conversion) using the resistance radder (R-2R) 


system. 


(2) Basic circuit 


Microcomputer 
Analog Vin. Vout 





Dn , Dn-1 D2, D1 V: Voltage of the output 
VrRere( =o + = +... t+ et) v ge 
Input RE ( 21 22 Qn.4 Qn “1” of the port 

R Vout = 0 : Vin S VREF 
Necessary number of . Vout = 1: Vin > VREF 
port=Accuracy bitt1 . 

R 

Vin 
R 
2R 


HD14050 V, 


Fig. 3-5 Timing Chart 
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Fig. 3-4 A/D Converter Basic Circuit 
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(3) Operation outline 
| The followings describe the operation outline of 3-bits A/D converter 


circuit. 


(i) The digital outputs (D3, Dy, D,) are changed from (1, 1, 1) 
to (0, 0, 0) at the port. Vprr is reduced from 7/8 V to 0 
by every 1/8 V according to Table 3-1. 


(ii) The output Vout» Which is the result of comparison between 
the analog input V;,, and Vpgr, is reversed from "0" to "1" 


when V;,, is greater than Vppp as shown in Fig 3-5. 


(iii) The value of (D3; Do, D1); when V,,4 is reversed from "0" 


to "1", is a digital value to the analog input V,,. 


Table 3-1 Value of Vprr 


5 | 
D3 | D2| D1 VREF Vper = 2434 =b xv 

ojo }o]| o 

0 Oo. 1 {1/8 x V D, to D3 are denoted by "1" or "0" 
0 eo. | 2/8 x V V: Voltage of the port output "1" 
0 1 13/8 x Vv 

1 fo jo | 4/8 x V 

1 {o fi [5/8 xv 

1 {1 ]o |6/axv 

1 1 17/8 x Vv 


START 


(D;,02, D,) = (1, 1, 1) 


The value of (D3, D2, D, )is 


: igital value of V; 
Deduct 1 from (D3, D2, D;) digital value of Vin 
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3.5 A/D Converter Circuit (2) ... Low Speed 


(1) Purpose 
The following describes the A/D conversion system utilizing time 
for charge/discharge to/from the CR circuit. This conversion 


system is available even if the A/D conversion time is slow. 


(2) Basic circuit 


Microcomputer 


Operation amplifier 


Anslog 
Input 





n : Count value 
Number of TT xn 
port required 


=2 


Te : Timer interval 


Fig. 3-6 A/D Converter Basic Circuit Fig. 3-7 Timing Chart 





(3) Operation outline 


(i) Set the output terminal A of the port to "1", discharge the 
external condenser C for a sufficiently long period, decline 
A from "1" to "0" synchronously with the timer interrupt 


and charge C. 


(ii) Check Voyt for each timer interrupt and observe the time T 
in which Voyz declines from "1" to "O". Vo y- becomes "0" 
when V;, is less than Vppp, T is obtained as T=Ty Xn, 
where "n" represents the number of timer interrupts and Typ 


represents the timer interval. 


(iii) The obtained time T, which is voltage converted, is a digital 


value of the analog input V;,. 


@ HITACHI 














144 





A/D conversion 
START subroutine 
initialize 


Output “0” toA 


Timer routine 


et conversion 
end flag 


3.6 Precaution;- Board Design of Oscillation Circuit 


When connecting crystal and ceramic resonator with the XTAL and 


EXTAL pins to oscillate, observe the followings in designing the 


board. 


(1) 


(2) 


(3) 


Locate crystal, ceramic resonator, and load capacity Cj and Co 
as near the LSI as possible. (Induction of noise from outside 


to the XTAL and EXTAL pins may cause trouble in oscillation.) 


Wire the signal lines to the neighbouring XTAL and EXTAL pins as 


far apart as possible. 


Board design of situating signal lines or power supply lines 
near the oscillator circuit as shown in Fig. 3-9, should not be 
used because of trouble in oscillation by induction. The 
resistor between the XTAL and EXTAL, and pins close to them 
should be 10M2 or more. 
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Signal C 





Fig. 3-8 Design of Oscillation Fig. 3-9 Example of Circuit Causing 
Circuit Board Trouble in Oscillation 


3.7 Precaution;- Sending/Receiving Program of Serial Data 


Reading from or Writing into the SCI data register (SDR: $0012) 
during sending/receiving of serial data may make sending/receiving 


operation of SCI out of order. 


3.8 Precaution;- WAIT/STOP Instructions Program 


When I bit of condition code register is "1" and an interrupt 
(INT, TIMER/INT), SCI/TIMER,) is held, the MCU does not enter into 
WAIT mode by executing the WAIT instruction. 


In that case, the MCU executes the corresponding interrupt proces- 


sing routine after the 4 dummy cycles. 


When external interrupts (INT, INT,) are held at the I bit mask, the 
MCU does not enter into the STOP mode by the STOP instruction execu- 
tion. The MCU executes the corresponding interrupt processing routine 


after the 4 dummy cycles, in this case, either. 
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4. PIN ARRANGEMENT AND DIMENSIONAL OUTLINE 


(1) HD6305U0, HD6305V0 


@ HD6305U0P, HD6305V0P (DP~40) @ HD6305U0F, HD6305VOF (FP-54) 


@ HD6305U0CP, HD6305V0CP @ HD63705V0C (DC-40) 





Fig. 4-1 Pin Arrangement (Top View) 
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Unit: mm(inch) 


(0.528) 
14.6max. 
(0.575max.) 


(0.600) 


(0.020min.) 


0.5t min. 
{ 
5.08max. 


(0.200max.) 


¢ 
E 
(0.019+ 0.004) 


> 
= 

E 
S 
Ss 





(0.100min) (0.200max) 
















@ FP-54 
25.6+0.4 
(1.008 + 0.016) 2. Smax. 
(0.11 4max.) 
rr} 
° 
oS 
” +) 
\ ~ 
é 
s 
0.35+0.! 
(0.039 + 0.006) (0.014 + 0.004) 0.15 + 0.05 
(0.006 + 0.002) 
1.7403 Pa 


(0.067 +.0.012) 


(NOTE) Inch value indicated for your reference 


Fig. 4-2 Dimensional Outline 
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Unit: mm(inch) 


,.17.53£0.12(0.690 + 0.005) 


16.58(0.653) 





17.53 +0.12(0.690 0.005) 
15.50 + 0.50(0.610 + 0.020) 





(MEOLOLOLOLOLOLOLOLOLOLO, 


16.58(0.653) 


Cy 
LL 2700507 | 
15.50 + 0.50(0.610 + 0.020) 


3 
+ 
8 
S 
# 
S 
+ 
w 
in 
™ 





Fig. 4-2 Dimensional Outline 
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5. ELECTRICAL CHARACTERISTICS 


5.1 Electrical Characteristics for HD6305U0, HD6305V0 
Mi ABSOLUTE MAXIMUM RATINGS 


Supply Voltage -0.3 v +7.0 V 
Input Voltage -0.3 v a + V 


Operating Voltage 0%” | OMe °C 
Storage Voltage a -55 ~ +150 °C 
(Note) 


These devices contain circuits to protect the inputs against high 





static voltages or high electric fields. Be careful not to apply any 
voltage higher than the absolute maximum rating to these high input 
impedance circuits. For normal operation, we recommend the V;,, and 


Vout be constrained to the range Vgg < (Vs °F Vout) = Vee: 
@§) MCU MODE ELECTRICAL CHARACTERISTICS 


@ DC Characteristics (Voc = 5.0V + 10%, Vgg = GND, T, = 0 V +70°C 
unless otherwise specified) 


Test Z ‘ 


Vcc70. 5 | = NW ecs0. 3 
Wyre hy 
Input “High a ae VocX0.7] - es V 


vortene a [All Others | [= ¥gg+0.3 
vt w 

=a [oe Eos wee RE 
Active gO 


Current ** Wait 
Dissipation Stop 


Standby 


Input Leakage | TIMER/V 
STBY 


Current INT 
Three State AQVA7 , BQB7, 
Leakage Co%X7 Do We 


Current 


Input 
Capacitance per oneee 


* The value at f=x MHz is gain by Icc= (£=xMHz ) = Icc (f=1MHz) x xX. 
**k Viyq min = Vcc -1.0V, Viz max =0.8V Penetrate current is not included. 
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@ AC Characteristics (Vcc = 5.0V + 10%, Vgg = GND, Tg = 0 V +70°C, 
unless otherwise specified) 


S 
a 
3 
a 
Oo 
rs 
18 
an 
> 
=) 
Ww 
S 
S 









thee Symbol Test HD6 3B05uU0 /VO Unit 
vavot | condition [ain [exp [ sex] aia [ eve | sex [ain | eve | ae 
Clock . 
= Pe fee [= fe fos [fe | 
INT te = tcyc 
INT? tcyc tcyc 
RES 
TIMER ; tcyc | tcyc ns 
Pulse Width +200 +200 
Oscillation : 
Start Time 20 ms 
(Crystal) 
basa Delay eatcrnal 
Time capacitance ms 
2.2 UF 


@ Port Characteristics (Veg = 5.0V + 10%, Vog 


GND, T, = 0 ~ +70°C 


unless otherwise specified) 


er Te Tee 

"High" 

Voltage Port A, You Ion = ~1OUA Vcc70.7 a ad V 
B, C, D : 

Output "Low" | 

Input "High" 

Voltage Vin | 2.0 VectO.3 | V 

Input "Low" | Port A, 

Voltage VIL -0.3 V 

Input 

Leakage 1 WA 

Current 
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@ SCI Timing (Vgg = 5.0V + 10%, Vgg = GND, T, = 0 % +70°C) 
unless otherwise specified) 


HD6 305U0 /VO HD6 3A05U0/VO HD63B05u0 /VvO 
Item Symbol Unit 
min 


Ot Bay Ti = [= l= 


muse te fem fm {=| = | [-] - [=] [a 
eee ee Pe ee 





Clock Output 
Ds/CK 


Data Output 
D3/Tx 


Data Input 
D4/Rx 


Clock Input | 
D;/CK 


Data Output 
D3/Tx 


Data Input 
Da IRx 





Fig. 5-2 SCI Timing (External Clock) 
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5.2 Electrical Characteristics for HD63'705V0 


@ ABSOLUTE MAXIMUM RATINGS 


Supply Voltage a ee eee ee 
[—ro.sas.0 |v | 3 

[=ocsevecto.3 [|v 

ee 


Note 1. Applied to TIMER/Vpp 


Note 2. Applied to all terminals except TIMER/Vpp 

(Note) These products have a protection circuit in their input terminals 
against high electrostatic voltage or high electric fields. 
Notwithstanding, be careful not to apply any voltage higher than 
the absolute maximum rating to these high input impedance circuits. 
To assure normal operation, we recommended Vins Voyts VsgS(Vin or 
Vout) £Vcc- 


Program Voltage 


V 

Vpp 
Input Voltage Vin 
Operating Temperature Topr 
Tstg 


Storage Temperature 


M ELECTRICAL CHARACTERISTICS 


@ DC Characteristics (Vcc=5.0V +10%, Vsg =GND and Tg =0V+70°C unless otherwise specified) 


7 | 
Input : 
voltage EXTAL Vin ne Vcoc*%0.7 
"High" 

Re 2.0 
Input volt- 


KEE 
Wait 
= * 
dissipa- oe Icc £ 1MHz 
tion P 


Unit 


ct 
<< 


P 


Vect0.3° V 


Vect0.3 V 


_ 


HA 


fe fel de 
| pleat 
© uw © 
g a 


i 
Oo 
eo 












Input TIMER/Vpp ae ee sie 
leakage pA 
Three- 
state 1.0 vA 
current 
: 

Input | TEMER/VeP ee ee pF 
capacity All termi-| 4. | 15 

nals except 

TIMER/Vpp 


* The value at £ =*MHz can be calculated by the following equation: Ioc(f =*MHz) =Icc(f =1MHz) multiplied by x 
*k At standby mode 
*** Vip min = Vcc - 1.0V, Vz; max = 0.8V, Penetrate current is not included. 
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@ AC Characteristics (Voc =5.0V 110%, a =GND and T, =0~+70°C unless otherwise specified) 


Clock MHz 


INT pulse teyc tcyc Feye ns 
width +250 +200 +200 

INT) pulse Ceye teyc fcyc ns 
width +250 +200 +200 

RES pulse 

width 

TIMER pulse t teyc teyc ae 


teyc 





= + 
Oscillation “L | 
start time us 
(crystal) 


Reset delay External cap. ae 
time 2.2uUF 


MM PROM MODE ELECTRICAL CHARACTERISTICS 





@ Programming Operation 
DC Characteristics Voc = 6V + 0.25V, Vpp = 12.5V + 0.3V, 
Tg = 25°C + 5°C) 


vaseawnam[ = [= [2 | w 
raf evtie [Pew T 
Output Voltage 


Power Supply Current 
(Active) 


Input Leakage Current 


Input Voltage 


Programming Current 


(NOTE) 1. Vpp(+12.5V) must be applied after Vcc (6V) is settled and must 

be removed before Vcc. 

2. Vpp must not exceed +15V. Be careful to prevent overshoot of 
the Vpp when switching to 12.5V. 

3. The device must not be inserted into a board with Vpp at 12.5V 
to prevent damage to the reliability of the device. 

4. When CE = V;,, Vpp must not be changed from Vgc to 12.5V or 
from 12.5V to Vcc. 
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@ AC Characteristics (Vo¢g = 6V + 0.25V, Vpp = 12.5V + 0.3V, 
T, ™.25°C + 5°C) 


Address Set-up Time Us 
OE Set-up Time — Us 
Data Set-up Time Us 
Address Hold Time tay Ls 
Data Hold Time Se us 
Output Disable Delay ‘ 

Vpp Set-up Time Us 
Program Pulse Width tpw ms 
Vcc Set-up Time Us 
OE Output Delay Time tor ns 
Overprogramming CE t' os 
Pulse Width OPW 





* tpp is defined when any lines are not connected to output and the output 


level can net be referred. 
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Switching Characteristics 


Test Condition; 
Input pulse level .... 0.8V to 2.2V 


Input rise/fall time.. $ 20 ns 
eeee input lv, 2V 


I/O timing reference level output 0.8V, 2V 


een Verify 


aes tn fate In Stable es Data Out Valid = 





Fig. 5-3 PROM Program/Verify Timing 
@ Read Operation 


remo = [ees fae Tota Ts i 
Output Leakage = = A 
Current ey s Vec " 


Programming Current Vpp=Vcc 


Power Supply Current * —— Le 


(Active) Tec 


DC Characteristics (Vcc = 5V + 10%, Vpp = Vcc + 0.6V, Ta = 25°C + 5°C) 


Input Voltage 


aCe 
O 
utput Voltage Yon | Ipy = -400 UA 


—> 


* Excepts straight current through input. 
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AC Characteristics (Vcc = 5V + 10%, Vpp = Vcc + 0.6V, Ta =25°C +5°C) 


Access Time CE=0E ia 500 ns 


CE Output Delay Time tor E=Vrz 


OE Output Delay Time tor CE=Vq1, 150 ns 


Output Disable Delay Time tpr* CE=Vr1. } oo | 105 ns 
Data Output Hold Time toy | CE=OE=V1, Po e ns 


* tp is defined when any lines are not connected to output and the 


output level can not be referred. 


Switching Characteristics 

Test Condition; 
Input pulse level ....... 0.8 to 2.2V 
Input rise/fall time .... $20 ns 


Output load ............. ITTL Gate+100 pF 


I/O timing reference level ..... input ;  1V, 2V 


output; 0.8V, 2V 


Address 


-tOE tOF 


~~ $= }p 


Pig. 5-4 PROM Read Timing 
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(1) HIGH-SPEED PROGRAMMING 
The HD63705VO provides the high-speed programming method 


shown in the following flowchart. This method realizes faster program- 
ming time without any voltage stress to the device nor deterioration 


in reliability of programmed data. 


START 


SET PROG/VERIFY MODE 
Vee 12.6V+0.3V, Vcc =6.0+0.25V 






SET READ MODE 
Vec=5.0V+ 0.5V, Vpp=Voeco+:0.6V 


READ 
FAIL All Address 
GO 


Fig. 5-5 High-Speed Programming Flowchart 
Fig. 5-6 shows a port test. 


vee (NOTE) 
TTL Loed 
(Port) tou 1.6mA 2 2-4k2 
Mil iy gan 1. The load capacitance includes stray capacitance caused by the probe, jig, etc. 


2. All diodes are 12074@). 





Fig. 5-6 Test Load 
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6. PROGRAMMABLE ROM 


HD63705V0 MCU stops functioning in PROM mode and can be programmed 
as EPROM equivalent to 27256 type. (Refer to "2.10 EPROM Mode" about 
PROM). 


HD63705V0O MCU can be programmed with commercially available PROM 
programmer by using socket adapter in order to convert the pin arrange- 


ment into that equivalent to single EPROM. 


Table 6-1 show the recommended combination of PROM programmer and 


socket adapter in programming HD63705V0 MCU. 


Note that socket adapter selects 24 pins from 40 pins of MCU, then 
converts from 40-pin socket to 24-pin socket with ordinary EPROM 


(27256 type). 


Table 6-1 PROM Programmer and Socket Adapter 


PROM Programmer Socket Adapter 


Maker Maker | Type No : 
121B DATA 1/0 | HD63705VO 

DATA 1/0 
298 HITACHI | H35VSAQ1A 


6.1 Programming/Verification 


When applying programming voltage (Vpp) to Vpp, asserting 
OE to "High" and CE to "Low", HD63705VO MCU write the data transmitted 
from Port A by asserting both OE and CE to "Low". Refer to Fig. 5-3 


and 5-4 about data transmit timing. | 


When both OE and CE are asserted to "Low", Port A will enter into 


high impedance. This masks programming/verification of the PROM. 
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(1) Precaution of the PROM Programming 


6.2 








The PROM memory cell should be programmed with the specified 
voltage and timing. The higher program voltage Vpp or the longer 
program pulse width tpy is applied, the more will be the quantity of 
electrons injected to the floating gate. However, a p-n junction 
will be broken permanently if Vpp is applied to more than maximum 
ratings. Especially Vpp overshoot of an EPROM programmer should be 
checked. 


Negative-noise to device pins may cause a parasitic transistor 


effect and reduce the breakdown voltage. 


Users should also be careful of the following, since PROM is 





electrically connected to PROM programmer through HD63705V0 socket 
adapter. 

@ Confirm that socket adapter is fixed to PROM programmer 
before programming. 

@ Don't touch the socket adapter and the MCU while programming. 


If you do, sometimes you cannot program because of malconnection. 


Erasure (MCU with a window) 


Internal PROM data can be erased if the memory elements are 


exposed to ultraviolet light. The erased data is set to "1". 


When erasing the data, the recommended conditions are as follows; 


wavelength: 2537A, an integrated does of at least: 1.5W*sec/cm) 


Exposing the LSI to an ultraviolet lamp of 12000 uW/cm? 
for about 20 minutes, at a distance of about 1 inch, would be 


sufficient. 
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6.3 Application Notes 


(1) The PROM Programming and Data Retention 
HD63705V0O's memory cell is the same as an EPROM device, and 
it is programmed by hot electrons injected to the floating 
gate with applying high voltage at the control gate and the 
drain. The electrons have been trapped by the potential 
barrier at the polysilicon-oxide (Si0j) by which the floating 
gate is completely sorrounded. The programmed cell becomes a 
a 
The memory cell will be discharged by; 
® Exposure to ultraviolet light; discharged by photo emitting 

electrons (erasure principle). 

Q) Heat; discharged by thermal emitting electrons. 
G) Applied with high voltage; discharged by high electric 


field applied to control gate or drain. 


If there is something wrong with the oxidation membrance 
around the floating gate, the LSI will lose more electrons. 
However, we usually eliminate these defective products, and a 


LSI rarely loses electrons in the memory cell. 


Memory elements without electrons in the floating gate is 


usually set to "1". 


Control gate 


Floating gate 


Drain 


The programmed cell (’’0’’) 


Control gate 


Floating gate 


Drain 





Fig. 6-1 Cross-section of An EPROM Memory Cell 
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(2) 


(a) 


Precaution for using the MCU in the ceramic package with a 
window 

Window 

Static charge on the window surface may adversely affect the 
function of the MCU. The charge will be caused by rubbing 

the window with plastics or dry cloths, or touching a charged 
body on it. They can be discharged by exposure to ultraviolet 
light for a short time. It is recommended to program the 
memory cell again after exposure, since the electrons trapped 
at the floating gate will reduce. The methods to prevent 


static charge on the window are follows. 
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@) Connect the body of an operator to the ground. 
(2) Do not rub the window with plastics or dry cloths. 
GB) Do not use coolant sprays which contain some ions. 


@) Use a conductive opaque label. 
(b) Precaution after programming EPROM 
The data stored in EPROM may be lost or the MCU may malfunction 
by photocurrent if the MCU is exposed to strong light like a fluores- 


cent lamp or the sunlight. Therefore, it is recommended to cover the 
window with an opaque label. 


Special labels are commercially available for this purpose. 


Labels containing metal are effective in that they absorb ultraviolet 
light. 


Users should be careful to the followings in choosing opaque 
labels. 


@) Adhesion; Opaque label will lose its adhesion in these cases: 
Static electricity may be charged in removing the opaque label, 
therefore it is recommended to erase or rewrite the data by 


ultraviolet light after removing the opaque label. 


@ Available range of temperature tolerance; The window should be 
stained with an opaque label within available range of temperature 
tolerance and operating environment temperature. Otherwise, 
paste will be harden or cling to the window, causing the label 


easily to be removed or the paste to remain on the back glass. 


GB) Humidity; Opaque label covering tolerance of temperature and 


operating environment condition should be used. 


It is difficult to find an opaque label covering all environmental 
conditions available to MCU. Therefore, users should make a 


good choice according to the purpose. 
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Table 6-2 Difference between HD6305VO and HD63705V0 


Operating 
Voltage 


ee Buffer 
Circuit at 
STANDBY or 
STOP Mode 





STBY , STOP 


EXTAL is connected to V There is no pull up MOS. 
through pull up MOS at EXTAL is at Vgg by Rg at 
STANDBY or STOP Mode. STANDBY or STOP Mode. 





7. ROM CODE ORDER METHOD 
Users' programs are mask programmed into ROM by Hitachi, and are 


shipped as LSI. We request users to hand in three EPROMs in which the 
Same contents are written, ordering specifications, and list of the 


ROM contents. 


Relationship between the mask ROM address and the EPROM address 
is shown in Table 7-1. Program $FF for the unused address data of the 


EPROM. 
Table 7-1 Relationship between the Address of Mask ROM and that of EPROM 


Type Name Address of Mask ROM Address of EPROM Remarks 


HN482764 
HD6 305U0 HN27C64 
or their equivalent 
HN482764 
_ HD6305V0 HN27C64 


or their equivalent 
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APPENDIX 


I. DESIGN PROCEDURES AND SUPPORT TOOLS 


Cross assembler and hardware emulator, containing various kinds of 
computers, are available as supporting systems to develop users' programs. 


Users' programs are mask programmed into ROM and shipped by Hitachi. 


Fig. I-1 shows a typical program design procedure and Table I-l 


summarizes a set of system development support tool for HD6305U0 and 
HD6305V0. 


RAM and 1/0 Text Editor 
. Host Computer 
Rew Source (3) 
_ Program 
Assemble 


a> Yes 
> wal 
, a ei: 












(4) Cross Assembler 
Host Computer 





Pattern Generator 
















Trial 
Production 


Hardware (5) 
Sample Simulation Emulator 


EPROM On-Chip LSI, 


: No HD63705V0C 
Engineering (7) << 
Approval 
ae Yes 


i 
Yes 
Mass : 


Production 


Fig. I-l Program Design Procedure 
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The following explains the system development procedure. 


1. Specify functional assignment of I/O pins and allocation of RAM 


area before starting programming. 


2. Design a flowchart to implement the functions and encode 


this flowchart with mnemonic codes. 
3. Punch the coded format onto cards or write it on a floppy disk. 
This set of coded form is a source program. 


4. Assemble the source program to generage an object with a cross 


System. And check errors out here. 


5. Verify the program through hardware simulation with emulator or 


EPROM on-chip microcomputer. 





6. Send the completed program in EPROM to Hitachi. 


7. After Hitachi received user's specified ROM pattern, Hitachi 
fabricate sample LSI for users' evaluation for the functions. If 
a user does not find any problem in the sample LSI, Hitachi will 


start mass production of the LSI. 


Table I-1 System Development Support Tools 


EPROM IBM PC 
Type No. Emulator 
On-Chip LSI Cross Assembler 


HD6305U0 H35MIX3 


HD63705V0C S35 IBMP 
HD6305V0 (HS35VEMLO3H) ae aa : 
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Single Chip Microcomputer ROM Ordering Procedure 


(1) Development Flowchart 


Single chip microcomputer device is developed according to 


the following flowchart after program development. 


¥1 2 sets of EPROM 
¥2 Part specific 


*3 Generic for Hitachi 
microcomputers 























@) ROM code *1 
@ Mask Option List *2 


@) Ordering Specifica- 
tions *3 


Computer processing 


ROM code for confirma- 
tion of ROM fabricating 
specifications *4 


The same ROM code as 
submitted 


Send it back after 
approving 


OK 


@) Verification Listing 
*5 


3 pes 


*7 Start the following 
flowchart after approving 








Mask 


*8 Send back signed working 


Sample sample approval form 


10 pes 








Working Sample (WS) 
*6 






(5) Confirmation of func- 
tion, characteristics 
*7, *8 


OK 
Engineering Sample (ES) | 
*9 





Confirmation of func- 
tion, characteristics, 
quality 






Commercial Sample (CS) 


(END) 


(Note) Please send in @ ’ Q) , and @)at ROM ordering, and send back @ , 6) after approving. 
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(2) Data you send and precautions 


(a) Ordering specifications ----- Common style for all Hitachi 
single chip microcomputer 
devices. Please enter as 
for the followings. The 
format is shown in the next 
page. 

Basic ITEM 
Environment Check List 


Check List of attached data 
Customer 





(b) ROM code ----- Please send in the ordering ROM code by 2 
sets of EPROM the same contents are written. 
Enter ROM code No. in them. It is de- 
sirable to send in program list for easy 





confirmation of the program contents. 


(3) Change of ROM code 


Note that if you change the ROM code once sended in or other 
specification, the ROM must be developed from the beginning. 
The cost of mask charge should be provided again in this case. 


(4) Samples and Mass production 


(Working Sample) ----------- Sample for confirmation of the 
contents of ROM code and that 
of mask option. Normally 3 samples 
are sent, but not guaranteed as for 
reliability. Please evaluate and 
approve immediately because the 
following sample making and mass 
production are set about after 
obtaining your evaluation. 


(Engineering Sample) ------- Sample for evaluating also re- 
liability. 10 pes are included 
in mask charge. 


(Commercial Sample) -------- Samples for pre-production which 
maybe purchased separately. 


(Mass Product) -------~------ Products for actual mass produc- 
tion. Please enter the plan of 
Mass production in full. 
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HD6305U0, HD6305V0 
ORDERING SPECIFICATIONS 


Package Outline 
(See Section) [ ] DP-40 [| cp-44 


3.4.1 | 
[_] FP-54 


Application Options/Remarks: 
(be specific) 


Customer 
ROM Code ID 


ROM Code |[L_] EPROM _. Customer Programmed Start Address 
Media um Must Specify: 
L-] ZTAT Customer Programmed Stop Address ——________ 


aaeen ame [J] Standard [_] J Specification (-40°C to +85°C), if offered 
L-]:Yes [J] No | Previous Hitachi P/N. 


(2) OPERATING CHARACTERISTICS 
LSI Pvenuee Target Level = 500 Fit ae ee) 


Ambient 
| Temperature Range °C. 






























Of Reliability | [ ] 1000 Fit 


°C 
Sl Acceptable | C110% [1 o4% 
oe Quality Level 





ae tie: i 


ee) 
Power On Average | Hours/Day | Remarks: 
Duration 
Voltage To LSI Supply 











(3) ELECTRICAL CHARACTERISTICS 


[_] Purchasing Specifications [__] Hitachi's Standard Specifications | 
Oe ieee ee en ee Te eR eee re REE Refer 16 Data SHeGt) xcs 


For Hitachi Use Only | 


(4) CUSTOMER APPROVAL -_ (5) ROM CODE VERIFICATION 
Customer Name 


fame 
a | 
ames [ 
——_—_—_—————— — —— ————___—_——_} | ROM To Customer 










| Accepted By (print) 


Accepted By (signature) 


Approved Date of 


Date ROM From Customer 
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HD6305/HD63L05 SERIES HANDBOOK 


Section Four 


© HD6305X% 
© HDOSO5Y 





e HDOSPO5SY 
User’s Manual 
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Section 4 
HD6305X, HD6305Y, HD63P05Y User’s Manual 
Table of Contents 


Page 
tee YOVERVIEW. Sect potest a Oe ee oe Oa ead be eae ae 173 
Wiel. VROQLUICS so sere oo stsc esate ek See ee are Bh artes bone deans oe e e aek 173 
ica. BIOCK DIAG a5i3-4-¢ yk Soltis hie hk Suet brant ey ana ea ary 177 
2. INTERNAL HARDWARE AND OPERATIONS ...............000ee sees 185 
Belt “AMOMONY: pied tents eid eke Saws ale Ha Se kits hale Rew e eA Sek as ee 185 
22 “ROGISICIS 2 su ic eeu coke oes eae a hee Sa ieee ae he ics ES 187 
2S. WIMOR 22 sce cone Cee Seah Gere hehe a ede wa yee Ree oe aes 189 
2.4 Serial Communication Interface (SCI) ............. cee ee 192 
220 “ICSOU- ho sd Geers tend Sse be hs each pO ge a eee 197 
2.6 Internal Oscillator Options....................05. ogame ante 197 
ch “WATORTUOUS ge % oho: 5.05 oeevn'o rd dl Gat d, arte ete Ger ee ee eatin See a ee aap ees 199 
2:0-. ‘Inbu/OuUtpout Pons ve ssu wet ck hee ie ee he eae eee 202 
2.9 Low Power Dissipation Mode .............000 cee eee e eee eee ees 204 
3. APPLICATION AND PRECAUTIONS ........... 0.0.0... cee ee eee 210 
3.1 | Memory Space Expansion of HD6305X1/Y1, HD6305X2/Y2, HD63PO05Y1. 210 
3.2 Watch-Dog Timer.......... 0. ccc cece eee tect e eee e neces 211 
So %AULO:ACSCl CUCUIDn css sc 2Gdaceet coach er. iaeesse date aes 212 
3.4 Manual Reset Circuit........... 0.0.0... ccc eee nes .. 214 
3.5 A/D Converter Circuit (1)... High Speed... .. 2... ee 215 
3.6 A/D Converter Circuit (2)... Low Speed. ................00 ce eee 217 
3.7. Precaution; - Board Design of Oscillation Circuit.................... 218 
3.8 Precaution; - Program of Write Only Register .................0005- 219 
3.9 Precaution; - Sending/Receiving Program of Serial Data ............. 219 
3.10 Precaution; - WAIT/STOP Instructions Program..................06. 220 
3.11 Precaution; - To use the EPROM ON-PACKAGE 
8-bit Single-chip Microcomputer. ............ 0.0.0 cece eee eee ees 220 
4. PIN ARRANGEMENT AND DIMENSIONAL OUTLINE ...... pie endot ere ohare 222 
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5. ELECTRICAL CHARACTERISTICS ................ ccc cee e eee eee eas 
5.1 Electrical Characteristics of HD6305X0, HD6305Y0, HD63P05Y0 
5.2 Electrical Characteristics of HD6305X1/X2, HD6305Y1/Y2, HD63PO5Y1... 


6. ‘ROM CODE ORDER METHOD: « « ccccted cu ane ound cha Gee eee ees 


APPENDIX csosnacnctieehs< birds ete a eee elon amhewed> bbe eee dena 
|. Design Procedure and Support Tool .......... 0.0... cee ees 


SINGLE CHIP MICROCOMPUTER ROM ORDERING PROCEDURE 


HD6305X0/X1, HD6305Y0/Y1 ORDERING SPECIFICATIONS 
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LG 


OVERVIEW 


1.1 Features 


The HD6305X0, HD6305X1, HD6305X2 MCU are CMOS 8-bit single chip 
Microcomputers containing CPU, Clock Oscillator, ROM (HD6305X2 does 
not contain Internal ROM), RAM, I/O port, Timer and Serial Communication 
Interface (SCI) on a single chip. The HD6305X1 and HD6305X2 MCU con- 
figurations are equivalent to the HD6305X0 MCU configuration except 


the number of I/O terminals. 


The HD6305X0 and HD6305X1 MCU contain 4096 bytes of Internal ROM. 
The HD6305X1 MCU expands its memory up to 12k-bytes externally. The 
HD6305X2 MCU, without Internal ROM, expands its memory space up to 16k 
bytes. 


Features of these Microcomputers are as follows. 





@ Upward Compatible with the HD6805 Family Instructions 

@ 8-bit Architecture | 

@ 4096-Bytes of Internal ROM (HD6305X0) 

@ 4096-Bytes of Internal ROM and 12k-Bytes of External Memory 
(HD6305X1) 

@ 16K-Bytes of External Memory (HD6305X2) 

@ 128-Bytes of RAM 


@ I/O Terminal x 32, Input Only Terminal x 7, Output Only Terminal x 
16 (HD6305X0) 


I/O Terminal x 24, and Input Only Terminal x< 7 (HD6305X1, 
HD6305X2) 
@ 2 Internal Timers 
An 8-Bit Timer with 7-Bit Prescaler x 1 
A 15-Bit Timer (Multiplexed with SCI Clock Driver) x 1 
@ Internal Serial Communication Interface 
@ Interrupts; External Interrupt x 2, Timer Interrupt xX 2, 
SCI Interrupt <* 1, Soft Interrupt x 1 
@ Low Power Dissipation Modes 
Wait Mode; Continues clock oscillation, stops CPU, permits 
Timer/Serial/Interrupt to function 
Stop Mode; Stops clock, holds RAM data I/O Status, and 
Register contents | 


Standby Mode; Stops clock, holds RAM data, resets internal options. 
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e@ Minimum Instruction Cycle Time 
HD6305X0/X1/X2 .... 1 us (£= 1MHz) 
HD63A05X0/X1/X2 ... 0.67 us (f= 1.5MHz) 
HD63B05X0/X1/X2 ... 0.5 us (f= 2MHz) 

@ Wide Operation Range 

| Vcc = 3 © 6V (£=0.1 © 0.5MHz) 

HD6305X0/X1/X2 f=0.1 \ 1MHz ~— (Vec=5V+10%) 
HD6 3A05X0/X1/X2 f£=0.1 © 1.5MHz (Vcc=5V+10%) 
HD6 3B05X0/X1/X2. £=0.1 \ 2MHz (Voc=5V+10%) 

@ Sufficient Supporting System by Evaluation Kit 
3 Additional Instructions ... DAA, WAIT, STOP 


The HD6305Y0, HD6305Y1, HD6305Y2 MCU are CMOS 8-bit single chip 
Microcomputers containing CPU, Clock Oscillator, ROM (HD6305Y2 does not 
contain Internal ROM), RAM, I/O port, Timer, and Serial Communication 
Interface (SCI) on a single chip. The HD6305Y1 and HD6305Y2 MCU configu- 
rations are equivalent to the HD6305Y0 MCU configuration except the 


number of I/O terminals. 


The HD6305Y0 and HD6305Y1 MCU contain 7872 bytes of Internal ROM. 
The HD6305Y1 MCU expands its memory space up to 8k-bytes externally. 
The HD6305Y2 MCU, without Internal ROM, expands its memory space up to 


16k bytes externally. 
Features of these Microcomputers are as follows. 


@ Upward Compatible with the HD6805 Family Instructions 

@ 8-bit Architecture 

@ 7872-Bytes of Internal ROM (HD6305Y0) | 

@ 7872-Bytes of Internal ROM and 8k-Bytes of External Memory 
(HD6 305Y1) 
16k-Bytes of External Memory (HD6305Y2) 

@ 256-Bytes of RAM 


@ 1/0 Terminal < 32, Input Only Termiual < 7, Output Only Terminal 
xX 16 (HD6305Y0) 
I/O Terminal < 24, and Input Only Terminal x 7 (HD6305Y1, 
HD6 305Y2) 
@ 2 Internal Timers | 
An 8-Bits Timer with 7-Bits Prescaler X 1 
A 15-Bits Timer (Multiplexed with SCI Clock Driver) x l 


@ Internal Serial Communication Interface 
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@ Interrupts; External Interrupt < 2, Timer Interrupt x 2, 
SCI Interrupt < 1, Soft Interrupt *< l. 
@ Low Power Dissipation Modes 
Wait Mode; Continues clock oscillation, stops CPU, permits 
Timer/Serial/Interrupt to function. 
Stop Mode; Stops clock, holds RAM data, I/O status, and 
Register contents. 
Standby Mode; Stops clock, holds RAM data, resets internal options. 
@ Minimum Instruction Cycle Time 
HD6305Y0/Y1/Y2 .... 1 us (f= 1MHz) 
HD63A05Y0/Y1/Y2 ... 0.67 us (f= 1.5MHz) 
HD63BO5Y0/Y1/Y2 ... 0.5 us (f= 2MHz) 
@ Wide Operation Range 
Vcc = 3 v 6V (£=0.1 \ 0.5MHz) 
HD6305Y0/Y1/Y2 £=0.1 ~ 1MHz (Voc=5V+t102Z) 
HD63A05YO0/Y1/Y2 £=0.1 % 1.5MHz (Vcc=5V+10Z) 
HD63B05Y0/Y1/Y2 £=0.1 ~~ 2MHz (Vcc=5V+10Z) 





@ Sufficient Supporting System by Evaluation Kit 
3 Additional Instructions ... DAA, WAIT, STOP 


The HD6305 family instruction sets, which are completely compati- 


ble, are available for system expansion. 
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Table 1-1 and 1-2 summarizes the features of each LSI. 


Table 1-1 Features of HD6305X, HD6305Y 


HD6 30 5x0 HD6 305X1 HD6 305X2 HD6 305Y0 HD6305Y1 HD6305Y2 
Type No. HD6 3A05X0 HD6 3A05X1 HD63A05X2 HD6 3A05Y0 HD6 3A05Y1 HD6 3A05Y2 
HD6 3B05X0 HD6 3B05X1 HD6 3B05X2 HD6 3B05Y0 HD6 3B05Y1 HD6 3B05Y2 


DP-64S /FP-64 |DP-64S /FP-64 | DP-64S /FP-64 | DP-64S /FP-64 |DP- 64S /FP- 64] DP-64S /FP-64 
Internal cd 


External (Expanded) 
Memory (K bytes) 


nput 
Output 


iy 
i) 
ry 
ions 


Memory 
7 


w 
e 
ho 
~N > 
ho 
MN = 
Qo 
he 
MN => 


a a 
External 
Interrupt 
Soft 
Interrupt 
Timer 
Interrupt 


Serial 
Interrupt 


8 bits 
(with 7 bits 
Timer hala 


Oscillator 
Ceramic Possible Possible 
Oscillator 


EPROM HD63PO05Y0O HD6 3P05Y1 
on-package HD63PA05Y0 | HD63PAO05Y1 
type HD63PBO5Y0 | HD63PBO5Y1 


Possible Possible 
Possible Possible 


HD6 3PO5Y0 HD63P05Y1 
HD63PAO5Y0 | HD63PA05Y1 
HD63PBO5YO | HD63PBO5Y1 


Possible 


Possible 


a a minw fre me fe 
SS) 





Table 1-2 Features of EPROM On-Package Type Family 


HD6 3PO5Y0 HD6 3PA05Y0 HD6 3PBO5Y0 HD63P05Y1 HD6 3PAO5Y1 HD6 3PBO5Y1 


HD6 305X0 HD6 3A05X0 HD6 3B05xX0 HD6 305X1 HD63A05X1 HD6 3B05X1 























Equivalent Device 



















HD6 305Y0 HD6 3A05Y0 HD6 3B05Y0 HD6 305Y1- HD6 3A05Y1 HD6 3B05Y1 


HN482732A-30 | HN4827 32A-30 | HN482732A-25| HN482732A-30 | HN482732A-30 | HN482732A-25 
EPROM 


HN482764-3 | HN482764-3 | HN482764 HN482764-3 | HN482764- -3 | HN482764 
8 k bytes 





























HN27C64-30 





HN27C64~-25 HN27C64-30 | HN27C64-25 





HN27C64-30 HN27C64-30 
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1.2 Block Diagram 


Fig. 1-1 gives block diagrams of the HD6305X, HD6305Y, and 
HD63PO05Y MCU. Each terminal function is described in Table 1-3. 
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Fig. 1-1 Block Diagram (to be continued) 
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Fig. 1-1 Block Diagram(to be continued) 
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Fig. 1-1 Block Diagram(to be continued) 
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Fig. 1-1 Block Diagram (to be continued) 
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Fig. 1-1 Block Diagram (to be continued) 
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Fig. 1-l Block Diagram 
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Table 1-3 Terminal Functions 


; : Correspondin 
Terminals Functions : P 8 
Devices 


Vcc, Vss 
INT, INT) 








Voltage is applied to the MCU through 
these terminals. 

Vcc provides 5.0V+10Z power supply, 
while Vss is grounded, 






These terminals function as external 
interrupt request inputs to the MCU. 
Refer to "2.7 INTERRUPT" for details. 
The INT? is multiplexed with the D6. 












These terminals are inputs to the 
internal clock circuit. Connect a 













crystal oscillator (AT cut, 2.08.0 HD6305x0/Y0 
MHz) or ceramic filter to these HD6305X1/Y1 
terminals. Refer to "2.6 INTERNAL HD6305X2/Y2 
OSCILLATOR" for further informations. | HD63P05Y0/Y1 







This external input terminal controls 
internal timer circuit. Refer to 
"2.3 TIMER" for details. 


This terminal resets the MCU. 
Refer to '2.5 RESET" for details. 


This terminal is not for user 
application. Connect the HD6305X1, 
HD6305Y1 and HD63PO5Y1 MCU to Vcc 
through resistance 10k. Ground 
HD6305X0, HD6305X2, HD6305Y0, 
HD6305Y2 and HD63PO5Y0O MCU to Vss. 













4 





This terminal transmits E clock. This 
output is of single phase and TTL 
compatible, and has a clock frequency HD6305X1/Y1 
which is a quarter of crystal HD6305X2/Y2 
oscillation frequency or external HD6 3PO5Y1 
clock frequency. 

This terminal drives one TTL load and 
90pF capacitance. 



















(to be continued) 
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| Terminals Mineerons Corresponding : 
| he oe —_ | | Devices | | 


Port A I/O terminals | Each terminal can be individually HD6305X0/YO 
(AgvA7) | programmed as an input or as | HD6305X1/Y1 
Port B I/O terminals | an output by programming the Data HD6305X2/Y2 
(Bo’B7) | Direction Register. HD63P05Y0/Y1 
Port C I/O terminals | Refer to "2.8 1/0 Port" for details. (HD6305X1/Y1, 


(CoC7) : | | HD6305X2/Y2, 
Port G I/O terminals ! | , HD63PO5Y1 
(GovG7) | don't contain 
G Port 1/0 
terminal) 





Port D Input These 7 terminals are TTL/CMOS 
terminals (D]W7) | compatible Input Only terminals. 
D6 of Port D is multiplexed with HD6305X0/YO 
INT2. When D6 functions as a port, HD6305X1/Y1 
set INT2 interrupt mask bit of HD6305X2/Y2 
Miscellaneous Register to "1" to HD63P05Y0/Y1 
mask INT? interrupt. 


Port E Output These 16 terminals are TTL/CMOS | 
terminals (E9vE7) | compatible Output only terminals. HD6305X0/YO 


Port F Output HD6 3PO05Y0 


terminals (FoF 7) 


Data bus | These 8 I/O terminals are for Data 
(DATA) DATA) Bus. They drive one TTL load and 
90pF capacitance. | HD6305X1/Y1 
| | | , HD6305X2/Y2 
Address bus These 14 output only terminals are HD63P05Y1 
(ADRpVADR, 3) for Address Bus. They drive one TTL 
load and 90pF capacitance. 


This terminal permits the MCU to 
enter into the Standby Mode. When 
STBY goes into "Low" level, the 

| oscillation stops and the MCU enters 
into the Reset Mode. 

Refer to "Standby Mode" in "2.9 

LOW POWER CONSUMPTION MODE" for 
details. | 

i aa | HD6305X0/YO 
This terminal transmits or receives HD6305X1/Y1 
SCI clock for SCI operation. Refer HD6305X2/Y2. 
to "2.4 SERIAL COMMUNICATION HD6 3PO5Y0/Y1 
INTERFACE" for details. 


|This terminal receives serial data. 
Refer to "2.4 SERIAL COMMUNICATION 
| INTERFACE" for details. 


This terminal transmits serial data. 
Refer to "2.4 SERIAL COMMUNICATION 
INTERFACE" for details. 


| @ HITACHI 
184 


2. INTERNAL HARDWARE AND OPERATIONS 
2.1 Memory 


Fig. 2-1 shows the memory map for the HD6305X, HD6305Y, HD63P05Y MCU. 


When an interrupt occurs, the CPU register contents are pushed 
onto the stack in the order as Fig. 2-2 shows, because stack pointer is 


decreased during pushes. 


The lower byte (PCL) of the Program Counter, the higher byte 
(PCH) of the Program Counter, Index Register (IX), Accumulator (A) and 


Condition Code Register are stacked in this order. 


In a subroutine call, only the Program Counter (PCL, PCH) is 
pushed onto the stack. 


Note that the Stack Pointer specifies the next stack area to 
store data and decreased after stacking 2-byte data. Meanwhile, the 


Stack Pointer is increased before pulling l-byte from stack. 





aT PORT A ]S00 56000 PORT A 1S00 

1/0 Ports 1! PORT B |$O1 i Ports 1 PORT FORTE $01 
eg 2[ PORT C {S02 imer 2 PORT C__}$02 
2a 3[— PORT D_|$03°° so07r -3{__PORT.D_|$03° 





$0080 4 $04° 


127 
1281 pam $0080 ~—«4|[__Port a pn 1$04° 


5 $05" 
6 $06" 
7 $07" 


(128Bytes) 
Stack 











(128Bytes) 


Stack SOOFF 





5 $05" 
6{ Port c DDR |$06" 


| Not Used_| 


8] Timer Data Reg |S08 $0100  8{ Timer Data Reg |$08 
9 $09 ; 9 $09 
mou scene 10[ Misc Reg_|¢oa ie ee 10[_Misc Reg_Igoa 
11f PORTE {$0B 
12] PORT F |$o0C 

SOFFF d 
acticin (4,096Bytes)| oe le 

icccececan 16] SCI CTRL Reg |$10 ON TRN ES, 16] SCI CTRL Reg 
8182)" interrupt [ov \ 1 $11 8182/iprorrupt (S1FF6 \ 17 scrsrsmes_|s11 
8191 S__JSIFFF \ 18] Sci DataReg 1912 8191 ectors 18] SCI Data Reg 1912 

8192 $2000 $ 819 $2000 
Not Used $ 
Not Used a 1F 
127 $7F Memory Space 127 Memory Space $7F 
* Write only register * Write only register 
1638 GSFFF 0 * Read only register 1638 GSFFF ** Bead only resister 
* ROM area ($1000 VS1FFF) in 
the HD6305X2 changes into 
External Memory Space. 
(a) HD6305xX0 (b) HD6305X1, HD6305X2 


Fig. 2-1 Memory Map 
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0 3 EX O[_PORT A__]$00 O[__PORT A__]SO00. 
Pore {PORT B__|SO1 17_PORT B_|S01 
: 2{" PORT C_|$02 2[" PORT C__|$02 
3] PORT D_ |$03" 3] PORT D_|$03"" 
4[ Port a por |$04° 4] Port A DDR |$04" 
5[ Port 8 DbR |SO5* 5] PORT 8 DOR |$O5* 
6[ Port Cc 00R |$06" 6|_PorT c DOR |$06" 
7[_PorT G DOR |$O7° 
8| Timer Data Reg |$O8 8[ Timer Data Reg [$08 
Qj Timer CTRL Reg |$O9 Q[Timer CTRL Reg |$OQ 






1of Misc ea 1goa 1o[_ Misc Reg_}goa 
11[ PORTE _]$0B 

12. PORT F _]$0c 
13[ PORT G_|s00 


Not Used 






Not Used 



















Pe eee | 16[ SCICTRL Reg |$10_ 16| SCI CTRL Reg |$10 

Interrupt 17]_SCi STS Reg |$11 17} SCI STS Reg _|$11 

8 pL | 18[ "SCI Data Rea $12 18[ SCI Data Rea _1$12 
8 

Not Used I$ 1F 

Not Used External $20 





Memory Space 






$ 3F 




















* Write only register 
kk ~=Read only register 


$3FFF 

* ROM area ($0140 VS1FFF) in 
the HD6305Y2 changes into 
External Memory Space. 


* Write only register 


16383 *k Read only register 16383 




































(c) HD6305YO ~ — (d) ~=~-HD6305Y1, HD6305Y2 
| ote 19 O[_PORT A__}S00 : “Ts -PORT A_]$00 
ieee EE {PORT B__|$O1 W/O Ports | if PORT 8 $01 
| : | 2 $02 | 2 $02 
63 me 3 $03°° : | $03°* 
64 me 4{_PoRT A DDR _|$04° 4[ Port A Dpr |$04° 
(192Bytes) |\ 5 $05" 5{_PoRT 8 0DR_|$05° 
sak 6 $06° 6 $06" 
25 . ‘ $07" | Not Used_| 
25 8] Timer Data Reg |$08 8 $08 
| Q[ Timer CTRL Reg |$O9 Q[ Timer CTRL Reg |$09 
319, <! 10] __Misc Reg goa 10{ Misc Reg Igoa 
320 | 1 $OB | * 


.12[ PORT F |$oc 
13, PORT G $OD 






Not Used 

















PP oo 16[ SCICTAL Reg 1$10 16] SCI CTRL Reg 1$10 
te 17]_SCISTS Reg |$11 1.7]|_SCISTS Reg 1$11 


18] SCI Data Rog 112 18 $12 





Not Used 
31 
32 


External 7 
\i Memory Space 







$1F 
$20 


|$ 3F 


| Not Used 









“Not Used 


External 
Memory Space 







$ 3F 


* Writ 
* Write only register EatC, uly. Seat ster 


16383; S3FFF ; ** Read only register | 16383 $3FFF ** Read only register 
(e) HD63P05Y0 | (£) HD63P05Y1 
| Fig. 2-1 Memory Map _— 
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O 
Condition 
Code Register 
Index Register 


In a subroutine call, only PCL 
and PCH are stacked 





Fig. 2-2 Sequence of Interrupt Stacking 
2.2 Registers 


CPU has 5 registers available to programmers. Fig. 2-3 shows 


these. 


Accumulator 
7 O 
ae eee | 
Register 
13 “a 
rogram 
a ee he 
3 6 5 O 


1 


LOfojofojofofs taf SP Boiter 


Condition 


FH] t | N| Z| C {Code 


Register 


Carry/ 
Borrow 


Zero 





Negative 


Interrupt 
Mask 
Half 
Carry 





Fig. 2-3 Programming Model 
(1) Accumulator (A) 


An 8-bit general purpose register to hold operands, and 

results of arithmetic operations and data processings. 
(2) Index Register (X) 

An 8-bit register for the Indexed Addressing Mode. An 8-bit 
address contained in the Index Register will create an effective 
address if an offset value is added to it. 

When executing a read/modify/write instruction, the Index 
Register is available for holding operands or the result of 
operation instead of the Accumulator. 


The Index Register is also available for storing data temporarily. 
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(3) 


(4) 


(5) 


Program Counter (PC) — 

A 14-bit register which contains the address of the next 
instruction to be executed. _ | 
Stack Pointer (SP) 

A 14-bit register that indicates the address of the next stack 
space. Just after reset, the Stack Pointer is initialized to $00OFF. 
It is decreased when data Pe cashed onto the stack, and is increased © 
when data is pulled from the stack. The 8 most significant bits of 
the Stack Pointer are fixed to 00000011. During the MCU is reset or 
executing Renee Stack Pointer (RSP) instruction, the Stack Pointer 
is set to $OOFF. Since subroutines and interrupts are designed to 
use memory space up to address $00C1 for stacking, programmers can 


use up to 31 levels for subroutine, and up to 12 levels for interrupts. 


Condition Code Register (CCR) 

A 5-bit register, each bit indicates the result of the instruc- 
tion execution just executed. These bits can be individually 
tested by conditional branch instructions. Condition Code Register 
bits (H, I, N, Z, C) are described as follows. 

Half Carry (H) 

Set if a carry occurs between bit 3 and bit 4 during an 
arithmetic operation (ADD, ADC). 
Interrupt (I) | 

If this bit is set, all of the interrupts, except software 
interrupts, will be masked. 

If an interrupt occurs while this bit is set, the interrupt 


will be held, and will be processed as soon as this interrupt mask 


bit is reset. 


After executing an instruction following to the CLI instruc— 
tion, the CPU will enter into the interrupt service routine. 
Negative (N) | | _ | | 

Set if the result of the arithmetic operation, logical 
operation or data processing is negative (bit 7 is set to "1"); 


otherwise reset. 


“Zero (Z) 


Set if the result of the arithmetic operation, logical | 


operation, or data processing is "0", 
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Carry/Borrow (C) 
Set if a carry or borrow occurs in the last arithmetic 
operation. This bit is affected by Bit Test and Branch Instruction, 


Shift Instruction, and Rotate Instruction. 


Timer 
Fig. 2-4 shows the MCU Timer Block Diagram. 


8-bit Timer Data Register (TDR) is loaded by program control. 


When it receives the clock input, it starts counting down. 


When TDR counts down to "0", the timer interrupt request bit 


(TCR7) in the Timer Control Register (TCR) is set to "1". 


In response to the interrupt request, the CPU saves its status 
into the stack and fetches timer interrupt routine address from 


addresses $1FF8 and $1FF9 and execute the interrupt routine. The 





timer interrupt can be masked by setting the timer interrupt mask bit 
(bit 6) in the timer control register. The mask bit (1) in the 


condition code register can also mask the timer interrupt. 


The source clock to the timer can be either an external signal 
from the timer input terminal or the internal E signal (the oscillator 
clock divided by 4). If the E signal is used as the source, the clock 


input can be gated by the input to the timer input terminal. 


Once the timer count has reached 0, it starts counting down with 
"$FF". The count can be monitored whenever desired by reading the 
timer data register. This permits the program to know the length of 
time having passed after the occurrence of a timer interrupt, without 


disturbing the contents of the counter. 


When the MCU is reset, the prescaler and counter are both 
initialized to logic "1". The timer interrupt request bit (bit 7) 


is cleared and the timer interrupt mask bit (bit 6) is set. 


Write "0" in that bit to clear the timer interrupt request bit 


(bit 7). (Refer to Table 2-1) 
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Initialize 


Timer Control 
(Internal \ Register 
Clock) > (TCR; $0009) ) 


TIMER 
Input 
Terminal 


Clock Input 


Write Read 





Fig. 2-4 Timer Block Diagram 


Table 2-1 
TCR7 Timer interrupt request 
0 Absent 
1 Present 
TCR6 Timer interrupt mask 
0 Enabled 
1 Disabled 


(1) Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled by 
the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four modes 
(Refer to Table 2-2) can be selected by bits 5 and 4 of the timer 


control register (TCR). 


7 6 5 4 3 2 1 +O 
TCR7 TCR4AITCR3ITCR2ITCRI1I TCROI 
\_Prescaler division ratio selection 

| —-------~ Prescaler initialize 


Clock input source 
Timer interrupt mask 
Timer interrupt request 









Fig. 2-5 Timer Control Register (TCR; $0009) 
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After reset, the TCR is initialized to "E under timer terminal 


control" (bit 5 = 0, bit 


4 =1). If the TIMER is set to "1", the 


counter starts counting down with "$FF" immediately after reset. 


When "1" is written 


in bit 3, the prescaler is initialized. 


This bit is always initialized to "0" when read. 


A prescaler division ratio is selected by the combination of 


three bits (bits 0, 1 and 
to Table 2-3). There are 
+4, +8, +16, +32, +64 and 
+l mode. 

A timer interrupt is 
is "0", and disabled when 
occurs, "1" is set in the 


can be cleared by writing 


2) of the timer control register (Refer 
eight different division ratios: +l, +2, 


7128. After reset, the TCR is set to the 


enabled when the timer interrupt mask bit 
the bit is "1". When a timer interrupt 
timer interrupt request bit. This bit 


"O" in that bit. 


Table 2-2 Clock Source Selection 


ry 
‘?) 
a 


Bit 5 Bit 4 


© 


Clock input source 





Internal clock E 
E under TIMER terminal control 
No clock input (counting stopped) 


Event input from TIMER terminal 


Table 2-3 Prescaler Division Ratio Selection 


TCR 


Bit 2 Bit 1 


© 


| 
© 


Prescaler division ratio 


Bit O 


+16 
= 32 
+64 


+128 
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2.4 Serial Communication Interface (SCI) 


The SCI is used to transmit or receive 8-bit data in serial 
16 types of transfer rates, in the range from 1 us to BBPEOX: 


32 ms in 4MHz operation, are available. 
The SCI is consisted of 3 registers, 1 eighth counter, and 1 


prescaler. (Refer to Fig. 2-6.) 


The SCI communicates with the CPU through data bus, and 
external I/0 devices through bit 3, 4 and 5 of Port C. 


The following explains each register function and the SCI 


Operation. 


SCI Control Registers (SCR; 0010) 


SCR7{SCR6 scrs|scre SCR3 scra]scri SCRO E 
Multi- | Pre- | Lransfer 
Seer (od ea 


Generator 


Cee 








Cs (CK) i 
t 7 \ 
' : Octal Initialize 
§ j SCI Data Registers Counter 
: ! 7 ; 5 aaa: 
LSB 
| ) 
C7(Tx) § , : 
a t 
Cecocee J 


ss] sone] sna sane] sen) << | ei 
3 


SCI/TIMER, 


Fig. 2-6 SCI Block Diagram 
(1) SCI Control Register (SCR: $0010) 

Fig. 2-7 shows SCI Control Register configuration. 
Bit 7 (SCR7) 

When this bit is set to "1", the DDR corresponding to C7 is 
set to "1" and C7 transmits SCI data. After reset, the bit is 
initialized to "0". 

Bit 6 (SCR6) 
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When this bit is set to "1", the DDR corresponding to Cp is 
set to "0" and Cg transmits SCI data. After reset, the bit is 
initialized to "0". 

Bits 5 and 4 (SCR5, SCR4) 

These bits select a clock source. After reset, the bits are 
initialized to "0". | 
Bits 3 © 0 (SCR3 ~ SCRO) 

These bits select a transfer clock rate. After reset, the 


bits are initialized to "0". 


7 6 5 4 3 2 1 0 


Fig. 2-7 SCI Control Register 


SCR2 SCRI SCRO 








Transfer clock rate 


4.00 MHz 





4.194 MHz 











0 0 0 1 Us 0.95 us 
0 0 1 2 Us 1.91 Us 
0 1 0 4 us 3.82 us 
0 1 1 8 Us 7.64 us 
e } } 2 2 

1 1 1 32768 Us 1/32s 





SCR7 C7 terminal 
0 Used as I/O terminal (by DDR). 
1 Serial data output (DDR output) 
SCR6 Cg terminal 


Used as I/O terminal (by DDR). 


Serial data input (DDR input) 


0 
1 
SCR5 | SCR4 | Clock source Cs terminal 


oe aoe 

| Used as I/O terminal (by DDR). 
1c ace 
1 | 0 | Internat | Clock output (DDR output) 
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(2) 


(3) 


SCI Data Register (SDR; $0012) 

A serial-parallel conversion register that is used for transferring 
data. 

SCI Status Register (SSR; $0011) 
Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is cleared 
when reset or data is written to or read from the SCI data register 
with the SCR5="1". The bit can also be cleared by writing "0" into 
Lt. | 
Bit 6 (SSR6) 

Bit 6 is the TIMER) interrupt request bit. TIMER) is multi- 
plexed with the serial clock generator, and SSR6 is set each time 
the internal transfer clock falls. When reset, the bit is cleared. 
It also be cleared by writing "0" in it. (For details, see TIMER).) 
Bit 5 (SSR5) 

Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When this bit is set to "1", the SCI interrupt 
(SSR7) is masked. When reset, it is set to "1". 


Bit 4 (SSR4) 

Bit 4 is the TIMER? interrupt mask bit which can be set or 
cleared by software. When the bit is set to "1", the TIMER, inter- 
rupt (SSR6) is masked. When reset, it is set to "1". 

Bit 3 (SSR3) 

When "1" is written into this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit is always "0". 
Bits 2 v0 


Not used. 


2 6 5 4 3 2 1 _~0 
#7 ser srs sess] XXX 


Fig. 2-8 SCI Status Register (SSR; $0011) 
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SSR7 SCI interrupt request 


0 Absent 
1 Present 
SSR6 TIMER, interrupt request 
0 Absent 
1 Present 
SSR5 SCI interrupt mask 
0 Enabled 
1 Disabled 
SSR4 TIMER? interrupt mask 
0 Enabled 
1 Disabled 





Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial data 
output terminal and the serial clock terminal, respectively. The 
transmit data should be stored from the accumulator or index 
register into the SCI data register. The data written in the SCI 
data register is transmitted from the C7/Tx terminal, starting with 
the LSB, synchronously with the falling edge of the serial clock. 
(Refer to Fig. 2-9.) When 8 bits of data have been transmitted, 
the interrupt request bit is set in bit 7 of the SCI status register 
with the rising edge of the last serial clock. This request can be 
masked by setting re 5 of the SCI status register. Once the data 
has been transmitted, the 8th bit data (MSB) stays at the C7/Tx 
terminal. If an external clock source has been selected, the 


transfer rate determined by bits 0 v 3 of the SCI control register 


is ignored, and the C5/CK terminal is set as input. If the internal 





clock has been selected, the C5/CK terminal is set as output and 
clocks are transmitted at the transfer rate selected by bits 0 \ 3 


of the SCI control register. 


© HITACHI 
195 





196 


Serial Clock (Cg /TR) 


Previous 
Output Date (C/Tx} done 


input Data Latch 
Timing (Cg/Rx) 





‘Fig. 2-9 SCI Timing Chart 


(5) Data Reception 


By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are 
determined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. Then 
dummy-writing or reading the SCI data register, the system is | 
ready for receiving data. (This procedure is not needed after 
reading a subsequent received data. It must be taken after reset 
and after not reading a subsequent received data.) 

The data from the Cg/Rx terminal is input to the SCI data 
register synchronously with the leading edge of the serial clock 
(Refer to Fig. 2-9). When 8 bits of data have been received, the 
interrupt request bit is set in bit 7 of the SCI status register. 
This request can be masked by setting bit 5 of the SCI status 
register. If an external clock source has been selected, the 


transfer rate determined by bits 0 % 3 of the SCI control register 


1s ignored and the data is received synchronously with the clock 


from the C./CK terminal. If the internal clock has been selected, 
the Co /CK terminal is set as output and clocks are output at the 


transfer rate selected by bits 0 % 3 of the SCI control register. 


(6) TIMER, 


The SCI transfer clock generator can be used as a timer. The. 
SCI clock selected by bits 3 ~ 0 of the SCI Control Register 
(4 us ~ approx. 32ms in 4MHz operation) is received by bit. 6 of the 
SCI Status Register, and the timer 2 interrupt request bit is set 
at each falling edge of the SCI clock. Since this interrupt occurs 
periodically, Timery is available for a reload counter or a timer. 

Timery is multiplexed with the SCI transfer clock generator. 
When using Timerg independently of the SCI, external clock should 
be selected as SCI clock source by setting both SCR5 and SCR4 to 
a Fae | 

If Internal clock is selected as a SCI clock source, reading 
from or writing to the SDR initializes the prescalor of the SCI 


transfer clock generator. 
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@ : Transfer clock generator is reset and mask bit (bit 4 of SCI 
Status registor) is cleared 


@.@ : TIMER? interrupt request 
@,@ : TIMER) interrupt request bit cleared 


2.5 Reset 
The MCU can be reset either by external reset input (RES) or 


power-on reset. (Refer to Fig. 2-10.) On power up, the reset input 
must be held "Low" for at least t,,, to assure that the internal 
oscillator is stabilized. A sufficient time of delay can be obtained 


by connecting a capacitance to the RES inputs as shown in Fig. 2-1l. 


Vic RES 
Terminal 





Internal 
Reset 





Fig. 2-10 Power On and Reset Timing 


Vcc: 
100kQ typ _ 


HD6305X/Y 
MCU 





Fig. 2-11 Input Reset Delay Circuit 


2.6 Internal Oscillator Options 


The internal oscillator circuit is designed to meet the require- 
ment for minimum external configurations. It can be driven by connect- 
ing a crystal (AT cut 2.0 © 8.0MHz) or ceramic oscillator between pins 


5 and 6 depending on the required oscillation frequency stability. 


Three different terminal connections are shown in Fig. 2-12. 
Figs. 2-13 and 2-14 illustrate the specifications and typical arrange- 
ment of the crystal, respectively. 
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EXTAL 


2.0~8.0MHz— HD6305X/Y 
XTAL MCU 


10~22pF+20% 


Crystal Oscillator 


EXTAL 


xTaL D6305x/Y 


MCU 


External Ceramic Oscillator 
Clock 
Input {EXTAL 


XTAL 06305X/Y 
MCU 


External Clock Drive 





Fig. 2-12 Internal Oscillator Circuit 


At Cut 

Paralle 
Resonance 

Co = 7pF max. 
f=2.0 ~8.0MHz 
Rs=60Q max. 


GERDA 
Vo 7K) Crystal 
Gon 


-O) 
\ | 2 | 


(a0) 


Crystal 


[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
_wirings to cross others. 





Fig. 2-14 Typical Crystal Arrangement 
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2.7 


(1) 


Interrupts 


There are six interrupts: external interrupts (INT, INT9), 
internal timer interrupts (TIMER, TIMER9), serial interrupt (SCI) and 


interrupt by an instruction (SWI). 


Of these six interrupts, the INT? and TIMER interrupt or the SCI 


and TIMER? interrupt generate the same vector address, respectively. 


When an interrupt occurs, the program in progress stops and the 
then CPU status is saved onto the stack. Then, the interrupt mask bit 
(I) of the condition code register is set and the start address of the 
interrupt processing routine is obtained from a particular interrupt 
vector address. Then the interrupt routine starts from the start 
address. System can exit from the interrupt routine by an RTI 
instruction. When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU restarts 
the sequence with the instruction next to the one at which the inter- 
rupt occurred. Table’ 2-4 lists the priority of interrupts and their 


vector addresses. 


A flowchart of the interrupt sequence is shown in Fig. 2-15. 


A block diagram of the interrupt request source is shown in Fig. 2-16. 


External Interrupt 

In the block diagram, both the external interrupts INT and INT? are 
edge trigger inputs. At the falling edge of each input, an interrupt 
request is generated and latched. The INT interrupt request is auto- 
matically cleared if jumping is made to the INT processing routine. 
The INT> interrupt request is masked when "0" is written to bit 7 of 
the Miscellaneous Register. 

If the I bit of the Condition Code Register is set to "1", 
interrupt requests of the external interrupt (INT, INT9) are 
retained, but not processed. Immediately after the I bit is cleared, 
the CPU jumps to the corresponding interrupt routine. The INT) 
interrupt can be masked by setting bit 6 of the Miscellaneous 
Register. | 

The INT terminal status can be tested by a BIL or BIH instruc- 


tion. The INT falling edge detector circuit and its latching 
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circuit, and INT5 terminal are unaffected by executing BIL and 


BIH instructions. ? 
(2) Internal Interrupt and SCI Interrupt 


When I bit of the Condition Code Register is set to "1", 
internal timer interrupts (TIMER, TIMER,) and SCI interrupt 
requests are retained without being processed. Immediately after I 
bit is cleared, the CPU initiates the corresponding interrupt 
service routine. Timer interrupt, SCI interrupt, Timer interrupt 
can be masked by setting bit 6 of Timer Control Register, bit 5 of 


SCI Status Register, and bit 4 of SCI Status Register, respectively. 
Table 2-4 Priority of Interrupts 


Interrupt Vector Address 
RES $1FFE, $1FFF 
SWI $1FFC, $1FFD 
INT $1FFA, $1FFB 

TIMER/INT> $1FF8, $1FF9 

SCI/TIMER? $1FF6, $1FF7 


INT y INT 
<ie-230 > 
MR6=0,MR7 = 1? 
Edge 
: 
TCRE=0,TCR7 


$FF—-SP 
O--DDR’S 


CLR INT Logic Sci 
$FF—TDR 


$7F—Timer Prescaler 


$50—TCR TIMER? 
$3F—SSR 
$00—SCR 
$7F—-MR 


a! 





Stack 
PC, X, A, CCR 


Load PC From 
Reset:$1FFE, $1 FFF 
In 
Load PC From 


N SWI:$1FFC.$1FFD 
INT:$1FFA,$1FFB 
TIMER:$1FF8,$1FF9 


Execute Execute INT2:$1FF8,$1FF9 
‘ 7 SCI:$1FF6.$1FF7 
Instruction Instruction TIMER 2:$1FF6,$1FF7 





Fig. 2-15 Interrupt Flowchart 
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Vectoring generated 
S1FFA, $1FFB 
BIH/BIL Test 


Condition Code Register (CCR) 
INT inter- 
rupt Latch ES 
So 
= 
real ) Interrupt Control 


Circuit 


Falling Edge Detector 


| Miscellaneous 


iS Register (MR) 
rare 


SO INT2 
ia ae @ 


Timer Control 
i Vectoring generated 
Register (TCR) ) STEFS, S1EF9 


> O 
an: 
Serial Status 
Register (SSR) 


SCI/TIMER2 —_[ssn7[ssne|ssrs[ssna] TIMER: 


Vectoring generated 
$1FF6, $1FF7 





Fig. 2-16 Interrupt Request Generation Circuitry 


(3) Miscellaneous Register (MR: $000A) 

Miscellaneous Register (MR: $000A) specifies INT request sense 
(edge sense or level sense) and controls INT, interrupt. 

Bit 7 of Miscellaneous Register (MR7) is an INT> interrupt 
request flag. When the falling edge is detected in INT, MR7 is 
set to "1". MR7 can be checked by software if it is INT, interrupt 
or not in the interrupt service routine (vector address: $1FF8, 
$1FF9). This bit can be reset by software. 

Bit 6 (MR6) is the INT7 interrupt mask bit. If this bit is 
set to "1", the INT> interrupt is masked. Both read and write are 
possible with bit 7, but "1" cannot be written in this bit by 
software. Thus an interrupt cannot be requested by software. 

During reset, bit 7 is initialized to "0", while bit 6 is 


initialized to "1". 


7 


10 
AEA 


NT2 Interrupt Mask 


—_——————— 


NT2 Interrupt Request Flag 


6 5 4 3 2 
mre 








Fig. 2-17 Miscellaneous Register (MR:$000A) 
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2.8 Input /Output Ports 


(1) I/0 Ports 

-HD6305X0/YO and HD63P05Y0 have 32 1/0 ports (Port A, B, C, G), 
HD6305X1/Y1, HD6305X2/Y2 provide 24 I/O ports (Port A, B, C). Each 
terminal can individually function either as input or output by 
programming the Data Direction Register. If a corresponding bit of 
Data Direction Register is set to "0", the I/O port functions as an 
input. While corresponding bit of Data Direction Register is pro- 
grammed to "1", the I/O port functions as an output. Port A, Bor C, 
when functioning as output and reading I/O port data, reads latched 
data, even if the output level is flunched by the output load 
(Refer to Fig. 2-18(a)). In this case, Port G always reads the pin 
level (Refer to Fig. 2-18(b)). Thus even when "1" is transmitted, 
Port G sometimes reads "0" if the load condition causes the output 
voltage to decrease less than 2.0V. 

During reset, all Data Direction Registers are initialized 
to "0" and all I/O ports function as inputs. 

I/O ports are compatible with TTL and CMOS in respect to both 
input and output. 

If I/O ports are not used, they should be connected to Vss 
through resistors. If these terminals are left open, they may 
consume extra power. 

(2) Output Ports (for HD6305X0/Y0, HD63PO05Y0 only) 

There are 16 output-only terminals (ports E and F). Each of 
them can also read. In this case, latched data is read even with 
the output terminal level being fluctuated by the output load (as 
with ports A, B and C). 

| When reset, "Low'' level is transmitted from each output terminal. 
(3) Input Ports | | | 

Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. Oo | 

All input/output terminals, output terminals and input 
terminals are TLL compatible and CMOS compatible in respect of 
both input and output. | | | 

If I/O pobte er input ports are not used, they should be 
connected to Vss through resistors. If these terminals are left 
open, they may consume extra power. _ 
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Bit of data 


direction Input to 
i MCU 
register 
7 0 
1 1 
0 Pin 





a. Ports A, B and C 








Data 
Direction 
Register 
Bit 





Fig. 2-18 Input/Output Port Diagram 
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2.9 Low Power Dissipation Mode 


204 


HD6305X family and HD6305Y family have three types of low power 


dissipation modes: Wait mode, Stop mode, and Stop mode. 


(1) Wait Mode 


(2) 


When Wait instruction is executed, the MCU enters into the 
WAIT mode; the oscillator does not stop, but the internal clock 
stops. The CPU stops but the internal peripherals (e.g. Timer 
and SCI) continue their current operations. (Note: Once the 
system entered into the Wait mode, SCI can no longer be retriggered.) 
During the Wait mode, RAM and I/O terminals hold their conditions 
just before entering into the Wait mode, while I bit of the Condi- 
tion Code Register is cleared to "0". 

The MCU can be recovered from the Wait Mode by an interrupt 
(INT, TIMER/INT2, or SCI/TIMER>), RES or STBY. The RES resets the 
MCU, and the STBY brings it into the standby mode (Refer to Standby 
mode for details). 

When the CPU accepts interrupt request, the wait © 
mode escapes, then the CPU is brought to the operation mode and 
vectors to the interrupt routine. If the interrupt is masked by the 
I bit of the condition code register, after releasing from the wait 
mode,the MCU executes the instruction next to the WAIT. If an 
interrupt other than the INT (e.g., TIMER/INT> or SCI/TIMER2) is 
masked by the timer control register, miscellaneous register or 
serial status register, the CPU does not receive any interrupt request, 
Thus the wait mode cannot be released. 


Fig. 2-19 shows a flowchart for the wait function. 


Stop Mode | 

When STOP instruction is being executed, the MCU enters into the 
stop mode. In this mode, the oscillator stops and the CPU and 
peripheral stops functioning but the RAM, registers and 
I/O terminals hold their condition just before entering into the 
stop mode. 

The escape from this mode can be done by an external interrupt | 
(INT or INT>), RES or STBY. The RES resets the MCU and the STBY 


brings it into the standby mode. 
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When the CPU accepts interrupt request, the stop 
mode escapes, then the CPU is brought to the operation mode and 
vectors to the interrupt routine. If the interrupt is masked by 
the I bit of the condition code register, after releasing from the 
stop mode, the MCU executes the instruction next to the STOP. 
The MCU cannot be released from the STOP mode if the INT) interrupt 


is masked by the miscellaneous register. 


Fig. 2-20 shows a flowchart for the stop function. Fig. 2-21 


shows a timing chart when the MCU is released from the stop mode. 


For releasing from the stop mode by an interrupt, oscillation 
starts upon input of the interrupt and, after the internal delay 
time for stabilized oscillation, the CPU becomes active. When 
restarting by RES, oscillation starts when the RES goes "0" and the 
CPU restarts when the RES goes "1". The duration of RES="0" must 


exceed togc7=20ms to assure stabilized oscillation. 


Standby Mode 

The MCU enters into the standby mode when the STBY goes "Low". 
In this mode, all operations stop and the internal condition is 
reset holding the RAM contents. The I/O terminals go into High- 
impedance state. The standby mode should escape by bringing STBY 
"High". The CPU must be restarted by reset. The timing of input 
signals at the RES and STBY is shown in Fig. 2-22. 


Table 2-5 lists the status of each parts of the MCU in each 
low power dissipation modes. Transitions between each mode are 


shown in Fig. 2-23. 
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Oscillator Active 
Timer and Serial 
| Clock Active 

All Other Clocks 


Stop 









Mode 
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Initialize 


Restart 
Processor Clocks 













CPU, TIMER, SCI, 
1/0 and All 
Other Functions 


Load PC from 
$IFFE, $1FFF | 





Load PC from 
Interrupt Vector 
Addresses 


Fetch 
Instruction 


Fig. 2-19 Wait Mode Flowchart 
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Stop Oscillator 
and All Clocks 





to Standby 
Mode 






Turn on Oscillator 
Wait for Time Delay 












Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Yes 
Load PC from 
$1FFE, $1 FFF 










Load PC from 
Interrupt Vector 
Addresses 







Fetch 
Instruction 


Fig. 2-20 Stop Mode Flowchart 
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STOP instruction Interrupt Time required for oscillation to become | ne 


executed stabilized (built-in delay time) restart 



















(a) Restart by Interrupt 


oscivator TTT = .§ To 
ee © a eee 


STOP instruction 
executed 


RES) $$$ $_________i# 







Reset 
stabilized (tosc¢) start 


Time required for oscillation to become 













| (b) Restart by Reset 
Fig. 2-21 Timing Chart of Releasing from Stop Mode 


Restart 





Fig. 2-22 Timing Chart of Releasing from Standby Mode 


Table 2-5 Status of Each Part of MCU in Low Power Dissipation Modes 





Condition . 


Mode Start Oscil- CPU Timer, Register RAM I/O | Escape 
lator Serial terminal | 


eee ra STBY, RES, INT, INT), 
WAIT ee eae Active | Stop} Active | Keep Keep Keep each interrupt request of 
| Soft- | TIMER, TIMER), SCI 





| eae STOP in- | area — 
STOP SeEueEIDA Stop | Stop Stop Keep Keep Keep | STBY, RES, INT, INT) 
STBY="Low" | Stop Stop| Stop | Reset | Keep High im- STBY="High" | 
| axe Bai ) |. pedance . 


Stand- | Hard- 
by ware 
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STBY = 0" Standby 
Mode 





Fig. 2-23 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 
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3. . APPLICATIONS AND PRECAUTIONS 
3.1 Memory Space Expansion of HD6305X1/Y1, HD6305X2/Y2, HD63PO05Y1 


(1) ROM \ 
ROM space can be expanded by externally connecting EPROM or 


Mask ROM to the MCU. Fig. 3-1 shows an example of using the 


HN482732A. 


HD6305X1, HD6305X2 
HD6305Y1, HD6305Y2 
| HD63P05Y1 


ADRo  ADR11 


DATAg ‘“DATA7 





Fig. 3-1 Memory Space Expansion for ROM 


(2) RAM 
Fig. 3-2 shows a system configuration by using the HM6116. 


HD6305X1, HD6305X2 
HD6305Y1, HD6305Y2 
| HD63PO05Y1 


ADRoQ VADR]Q 
DATAg  DATA7 





Fig. 3-2 Memory Space Expansion for RAM 
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3.2 Watch-Dog Timer 


(1) Purpose 


A simple method of implementing the watch dog timer, which 
is generally known as a means of recovery from a system upset, 


will be described below. 


(2) Basic circuit 


Fig. 3-3 shows the basic circuit for recovery from a system 


upset. 


RES 


Microcomputer 


Port 





Monostable 
Multi — vibrator 





Fig. 3-3 Basic Circuit for Recovery from a System Upset 


(3) Operation outline 


(i) In structuring system software, design the whole system so 
that a pulse is generated through the port within a 
predetermined period (T<RC) if the program is normally 


executed. 


(ii) When the system enters into the loop and is deadlocked or 
when the system is upset the system presents no change in 
the port output (e.g., it does not generate alive pulse), 


which increases the (™) point potential and resets the MCU. 


(iii) Preset the RC at above the maximum value of all existing 
routes in normal operation. RC is set to a value greater 


than 10ms in the example below. 
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(Example) 


START _) 


Pass@: 5ms+2ms = 7ms 


| INITIALIZE | ®: 5ms+5ms =10ms 
— | ©: ims | 
[ative Pulse occurs | * Preset as the pass 


= 10ms<RC 





3.3 Auto Reset Circuit 


(1) Purpose 


The following describes how to implement the reset circuit 


for power-on reset or auto reset at Vcc<VimM, (VLM; Treshold 
level.) a | 


(2) Basic Circuit 


Fig. 3-4 shows the basic circuit of auto reset. 


| tothe RES ‘2 


tothe RES 
pin 





Fig. 3-4 Basic Circuit of Auto Reset 
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(3) Operation Principle 


(i) Power-on Reset 
Since the RES terminal is pulled up by R1, the RES rising 
time is delayed by C, R, during power up, so that the MCU 


can be reset normally. 
V Ve 


<a 


~C, xRy 
(ii) Auto-reset 
The auto-reset operation of the basic circuits (a, b) in 


Fig. 4-4 is performed as follows. 


(a) The voltages V7) and VF], applying to ZD1 and Dj> 
are constant even if Vcc changes. The RES signals 


are as follows. 


Vout = Vcc 7 Vz1 + VFI 
V GND when Vcc < Vz1 + VFI 





out 
(b) The voltage Vz2, applying to ZD2, and the 
ON level VpF2 of Tr, are constant, even if the Vcc 


changes. The followings describe the RES signals. 


ee 
voltage 





Vout = Vcc When Vcc > Vz2 + VF2 
GND when Vcc < Vz2 + VF2 


Vout 


When the Vcc changes, threshold level Vim is affected by 
replacing the Zener diodes ZD, and ZDo. 


(iii) The Auto-reset function will be more stable by feeding 
back the output signal to the RES terminal, fine tuning 
the reference voltage, and providing hysteresis with the 
VLM1 and the VimM2. (VLM1 is a voltage during the shifting 
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from operation to resetting, and V;y> is the voltage in 


recovering.) 


3.4 Manual Reset Circuit 


(1) Purpose 
When the MCU is reset by an external switch, it is necessary 

to prevent the MCU from chattering. The following describes 

a reset circuit in which chattering prevention and power-on 


reset functions are provided. 


(2) Basic Circuit 


Fig. 3-5 shows the basic circuit of manual reset. 


To the RES pin 


HD74LS 14 





Fig. 3-5 Basic Circuit of Manual Reset 


(3) Operation Principle 


(i) Power-on reset 
During power-up, the capacitor C will be charged and the 
Na 
that power-on would be reset normally. 


n rising time will be delayed by the CR charge time, so 


Vv Vec 


V out 


t=CxR 


(ii) Manual reset 
When SW is on, the Voyt goes "0" and the MCU is reset 
When SW is off, the capacitor C is charged, so that the 
rising time of Vin is delayed by the CR charge time. 
© HITACHI 
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Chattering is prevented by the capacitor C and the schmidt 


trigger HD74LS14. 


When SW OFF -- ON, 
Vout = GND when Vin <0.8V 


When SW ON -- OFF, 
Vout = Vcc when Vin >1.6V 





3.5 A/D Converter Circuit (1) ... High Speed 


(1) Purpose 


The following describes how to implement a simple A/D 





conversion (analog-digital conversion) using the resistance radder 


(R-2R system). 


(2) Basic Circuit 


Microcomputer 


V: Voltage of the output 
"1" of the port 





Vout = 0 : Vinx VReF 
Vout = 1 : Vin > VReEF 


Necessary number of / Vin 


port=Accuracy bittl 





HD14050 t 


Vout “1 
Fig. 3-6 A/D Converter Basic Circuit 0" | 


Fig. 3-7 Timing Chart 
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(3) Operation Outline 
The following describes the operation outline of 3-bits A/D 


converter circuit. 


(i) The digital outputs (D3, D2, Dy) are changed from (1, 1g. 2) 
to (0, 0, 0) at the port. Vprer is reduced from 7/8 V to 0 
by every 1/8 V according to Table 3-1. 


(ii) The output Voyt, which is the result of comparison between 
the analog input V;, and Vpgr, is reversed from "0" to "1" 


when Vin 1s greater than Vppp as shown in Fig. 3-7. 


(iii) The value of (D3, D2, D1), when Vout is reversed from 


"O" to "1", is a digital value to the analog input Vjy.- 


Table 3-1 Value of VpEF 


| D3 D2 OD 
V = (— +—~ +—=) x V 
REF 51 92 23 
Dj} “© D3 are denoted by "1" or "0" 


V: Voltage of the port output "1" 








The value of (D3,D2,D1) 
is digital value of Vin 








Deduct 1 from (D3,D9,D)) 
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3.6 A/D Converter Circuit (2) ... Low Speed 


(1) Purpose 
The following describes the A/D conversion system utilizing 
time for charge/discharge to/from the CR circuit. This conversion 


system is available even if the A/D conversion time is slow. 


(2) Basic Circuit 


Operation microcomputer 
amplifier 


HA17902 





Analog « 
Input 


Number of 
port Vin 
required =2 | 


+ 








Fig. 3-8 A/D Converter Basic Circuit n : Count 


value 


T =T > xX n 


To: Timer Interval 


Fig. 3-9 Timing Chart 


(3) Operation Outline 


(i) Set the output terminal A of the port to "1", discharge the 
external condenser C for a sufficiently long period, decline A 
from "1" to "0" synchronously with the timer interrupt and 


charge C. 


(ii) Check Vout for each timer interrupt and observe the time T in 
which Vout declines from "1" to "0". Vout becomes "0" when 


Vin is less than VpprR-. Obtained as T=To * n. 


(iii) The obtained time T which is voltage converted is a digital 


value of the analog input Vin. 
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A/D conversion 
subroutine 






Timer routine 


Add +1 to 
the counter 


Port counter 
initialize 


Output "0" to A 


e Conversio 
end? 
Yes 


Voltage 
conversion 








Timer interrupt | 





Set conversion 


Time + end flag 








RTN 


3.7  Precaution;- Board Design of Oscillation Circuit 


When connecting crystal and ceramic resonator with the XTAL and 


EXTAL pins to oscillate, observe the followings in designing the 


board. 
(1) Locate crystal, ceramic resonator, and load capacity Cl and 


C2 as near the LSI as possible. (Induction of noise from outside 


to the XTAL and EXTAL pins may cause trouble in oscillation.) 


(2) Wire the signal lines to the neighbouring XTAL and EXTAL 


pins as far apart as possible. 
(3) Board design of situating signal lines or power supply lines 


near the oscillator circuit as shown in Fig. 3-11, should not be 
used because of trouble in oscillation by induction. The 
resistor between the XTAL and EXTAL, and pins close to them 
should be 10M. or more. 


HD6305X 
HD6305Y 
HD63PO5Y 


HD6305X 
HD6305Y 
HD63P05Y 





Fig. 3-10 Design of Oscillation Fig. 3-11 Example of Circuit Causing 
Circuit Board Trouble in Oscillation 
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3.8 


3.9 


Precaution; - Program of Write Only Register 


Read/Modify/Write instructions are unavailable for changing the 
contents of Write Only Register (e.g. DDR; Data Direction Register of 


I/O port) of HD6305X, HD6305Y and HD63PO05Y. 


(1) Data cannot be read from Write Only Register. 
(e.g. DDR of I/O port) 
While Read/Modify/Write instructions are executed in the 


following sequence. 
(1) Reads the contents from appointed address. 
(ii) Changes the data which has been read. 
(iii) Turn the data back to the original address. 
Thus, Read/Modify/Write instructions cannot be applied 


to Write Only Register such as DDR. 


(2) For the same reason, do not set DDR of I/O port using BSET 





and BCLR instructions. 


(3) Stored instructions (e.g. STA and STX, etc.) are available 


for writting into the Write Only Register. 


Precaution. - Sending/Receiving Program of Serial Data 


Reading from or Writing into the SCI data register (SDR:$0012) 
during sending/receiving of serial data may make sending/receiving 


operation of SCI out of order. 
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3.10 Precaution; - WAIT/STOP Instructions Program 


When I bit of condition code register is "1" and interrupt 
(INT, TIMER/INT7, SCI/TIMER2) is held, the MCU does not enter into 


WAIT mode by executing WAIT instruction. 


In that case, after the 4 dummy cycles, the MCU executes the next 


instruction. 


In the same way, when external interrupts (INT, INT >) are held at 

| 
the bit I set, the MCU does not enter into the STOP mode by executing 
STOP instruction. In that case the MCU executes the next instruction 


after the 4 dummy cycles. 


3.11 Precaution; - To use the ERPOM ON-PACKAGE 8-bit Single-chip 


Microcomputer 


Please be careful of the following, since this MCU has a special 


structure with pin socket on the package. 


(1) Do not apply high static voltage or surge voltage over 
MAXIMUM RATINGS to the socket pins as well as the LSI pins. 


Otherwise permanent damage to the device would be caused. 


(2) When using 32k EPROM (24-pin), insert it leaving the four 


pins above open. 


(3) When inserting this into system products like mask ROM type 
single chip microcomputer, be careful of the following to give 


effective contact between the EPROM pins and socket pins. 
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(a) 


(b) 


(c) 


(d) 





When soldering the LSI onto a printed circuit board, the 
recommended condition is: 
Temperature: lower than 250°C 


Time: within 10 sec. 


Be careful that detergent or coating does not get into the 
socket during flux washing or board coating after soldering, 


because that may adversely affect the socket contact. 


Avoid permanent application of this during 


continuous vibration. 


The socket, when repeatedly inserted and removed, loses its 
contactability. It is recommended to use a new one when 


used in production. 


4 Pins (On index side) open. 





24 Pin EPROM should be inserted 
on the mark side with 4 above open. 


OOO 0: DO 10 OO: "Ore 2 


O 
10) 
O 
O 
oO 
O 
O 
O 
O 
oO 
O 
O 


4G2 JAPAN 
= HD63P05Y0/Y1 





221 





4. PIN ARRANGEMENT AND DIMENSIONAL OUTLINE 
@ D6305X0, HD6305Y0 


(DP-64S) 


wi 
< 
e 
x 
>) 
3 


(DP-64S) 
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@ HD63P05Y0 @ HD63P05Y1 
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(Unit: mm(inch) 


18.2max 
(0.71 7max.) 






































































—_— — 

.£ ox 

£E &E 

—~E-S,&S 

mjOl8Sa 

l (gig | HT/ Sy Jws 











AYA L 


(0.019 + 0.004) 


/ 





0°~ 15° 


2.54min 
(0.100min.) 









@FP-64 
25.6 + 0.4(1.008 + 0.016) 
20.0(0.787) 2.9max. 
(0.1 1 4max.) 
2 3 32 
= == #/S¢ 
—— SH 
EE ummm i] w 
——= ——y << ~ 
— fy — | 
— —— cS) 
64 ——> 20 
UAT ARCUAEUTAUEUTAIEUTAIN IEEE 
1+0.15 [035 +01 
(0.039 + 0.006) (0.014 + 0,004) 9.15 £0.08 ' c 
(9,006 + 0.002 
__ ETT fons 
012) 
17 +0.3(0.067 £0 
e DC-64SP 
57.3 
(2.256) 
64 33 














% 
foe) 
2.54 “is 
(0.100) 
0.9 Se 
(0.035) e x 
§ x E 
s {fis 
2) 5s 
Sirs 
ec 
sé 0.257013 
1.778 +0.25 0.48+0.! ae “9 0.05 
(0.070 + 0.010) (0.019+0.004) S (0.01079 O02) 


Note) Inch value indicated for your reference. 
Fig. 4-2 Dimensional Outline 
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2. ELECTRICAL CHARACTERISTICS 


5.1 Electrical Characteristics of HD6305X0, HD6305Y0, HD63P05Y0 


Wi ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value Unit 


=03 +750 V 


Supply voltage Vcc 
Input voltage Vin -0.3 V Vcc + 0.3 V 
Ov +70 °C 


Operating temperature Topr 


-55 % +150 °C 


Storage temperature Tstg 


[NOTE} These products have a protection circuit in their input 
terminals against high electrostatic voltage or high 


electric fields. Neverthless, be careful not to apply 


any voltage higher than the absolute maximum rating to these 


high input impedance circuits. To assure normal operation, 


we recommende V;,, Vouts Vgg © Win OF Vout) £ Vec 
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| ELECTRICAL CHARACTERISTICS 


@ DC Characteristics (Vcc = 5.0V + 102, Vo. GND and T, = 0% +70°C 


unless otherwise specified) 


Item — Symbol 


Input 
voltage 
"High" 


Input volt- 


age "Low" 


Current * 
dissipation 


Input 


226 


leakage 
current 


Three- 
state 
current 


Input *** 


capacity 


f=1MHz, 
ae | Vin-0V 


— 
(2) 


ro 
© 


pot fe tetefepe te 
— 
a |} O | u 





— 
ho 


* The value at £=XMHz is given by 


Igc (£=XMHz) = I¢c (f£=1MHz) xx. Vrq min = Voc - 1.0V, Vy, max 


For HD63P05Y0, Icc of EPROM is not included. 
** In Standby Mode 


*kk HD63PO5Y0 is MAX 15pF 


-@ HITACHI 


HA 


HA 


HA 


HA 


pF 


= 0.8V. 


@ AC Characteristics (Voc = 5.0V + 10%, Vg, = GND, Tg = 0% +70°C, 


unless otherwise noted) 
HD6305x0 /YO HD63A0 5x0/YO HD6 3B0 5X0/YO 
Test HD6 3PO05Y0 HD6 3PA05Y0 HD6 3PBO5YO Unit 


Item Symbol 





INT> é 
Pulse Width IWL2 


Condition 
Clock 
INT t t 
: t cyc cyc 
WL 


RES 


Pulse Width | “RWL teye 


TIMER 
Pulse Width 


=] 
a 


=] 
i] 





Oscillation 
Start Time tose 
(Crystal) 


Reset | external 
Delay Time tru, | Capacitance ms 
y 2.2uF 


@ Port Characteristics (Voc = 5-0V + 10%, Veg = GND, Tg = 0% + 70°C, 


CL=22pF+202% 
Rg=6022 max 


= 
oO oO = 
+ ct 
mw a ° 
Oo < 
Oo n 
+ ct 
bo 
oO s< 
oO a 


rat 
to 
Ea 
oO 
B 
7 





unless otherwise noted) 


i] 

i 
No 
(>) 
(o) 

Cc 
> 
< 


Output "High" Voltage Vou 
mets e.6.| % [ores freee} = [= 
Output "Low" Voltage a | Ton = toma |= V 
Input "High" Voltage V | 
Input "Low" Voltage Port A, B, C, D, V 
, G 
Input Leakage Current HA 
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@ SCI Timing (Vcc = 5.0V + 10%, Vo, = GND, T, = 0 v +70°C, 


unless otherwise noted.) 


| Test. 
7 ten De a Condition 
Clock Cylce - : 
Time Scyc 
Data Output : 
Delay Time TXD 


Data Set-up. 


Time ESRX 
Data Hold t 
Time HRX 











Clock Output rece 
C;/CK 
0.6V 0.6V 0.6V 
ttxo | 
| | \ perenne 
~ Data Output \ 2.4V° . 
C+/Tx ( 
0.6V | a 
| | 
SRX ties a __ 
(ent ntn 
Data Input 
C.6/Rx 
Fig. 5-1 SCI Timing (Internal Clock) 
iat, “NGG e = sealer teers! 
| | he 
Clock Input 2.0V | 
C;/CK | | = Bt | 
: 08V O8V 0.8V | 
trxp a z os 
_ _—<——— 
Data Output : 2.4V to | 
WT ( 
oe 0.6V. 
Data Input 
C.6/Rx 





Fig. 5-2 SCI Timing (External Clock) 
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Vec 


TTL Load 

(Port) a 2.4kQ 
Test point Vor=1.6mA 

terminal 





[NOTES] 1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. All diodes are 1$2074 (H). 


Fig. 5-3 Test Load 
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5.2 Electrical Characteristics of HD6305X1/X2, HD6305Y1/Y2, HD63P05Y1 


MM ABSOLUTE MAXIMUM RATINGS. 


Item Value Unit 
Supply voltage -0.3 v +7.0 V 
Input voltage Pie “0.3 V Veg + 0.3 V 
T 
T 


Operating temperature 0 ~ +70 ua 6 


Storage temperature stg -55 ~ +150 a ¢ 


[NOTE] These products have a protection circuit in their input 
terminals against high electrostatic voltage or high electric 
fields. Notwithstanding, be careful not to apply any voltage 
higher than the absolute maximum rating to these high input 
impedance circuits. To assure normal operation, we recom- 


mended Vin» Vout Vos © (Vi, oF Vout? © Vec 
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M™ ELECTRICAL CHARACTERISTICS 
@ DC Characteristics (Veg = 5.0V + 10%, Vgg = GND, T, = 0 V +70°C, 


unless otherwise specified.) 


Test 


max Unit 


a 
ue) 


Vcc-0. 


< <a 
P) 
>) 

+ 

© 

lo 

< < 







Input 
voltage EXTAL Vcc*0. cctO.3 
"High" 
Input volt- 
age "Low" saci aE erotee) 
= el 
voltage All Output Vou V 
Output volt- 
Input 
leakage IIx 1.0 HA 
current 
Three- 1.0 WA 
state " 
current 
re rae er 

Input **** = 1MHz, 12 

; ae pF 
capacity Senne Vin = OV 


* At standby mode 
** Viq min = Vcc - 1.0V. Vyz max =0.8V. For HD63P05Y1, 
Icq of EPROM is not included. 
**k* The value at f = xMHz can be calculated by the following equation: 
Icc (£ = xMHz) = Icc (£ = 1MHz) multiplied by X. 
*kkX HD63PO5Y1 is MAX. 15pF 
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@ AC Characteristics (Vcc = 5.0V + 10%, Vg, =GND, Tg = 0 V +70°C, 


unless otherwise specified.) 
HD6 305X1/X2/Y1/Y2 | HD63A05X1/X2/Y1/Y2 |HD6 3B05X1/X2/Y1/Y2 
HD6 3P05Y1 HD6 3PA05Y1 HD6 3PBO5Y1 are 


Test 


Item 








180 ns 


Address F 
Delay Time AD 
Address Hold : 
Time AH 


Data Delay t 
Time DW 


Data Hold 

Time toy 
(Write) 

Data Set-up : 
Time (Read) DSR 
Data Hold . 
Time (Read) HR 


= rr [= [ofeas] - Pe fesl- | w[m 
Enable Rise 

Enable Fall 

Enable Pulse 

Width ("High" PWey 450 300 220 ns 
Level) 

Enable Pulse | 

Width PWrrt, 450 300 220 ns 
("Low'" Level) 


40 ns 


ns 


Lp 
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@ Port Timing (Vcc = 5.0V + 10%, Vg, = GND, Ta = 0 ~ +70°C, 


HD6 305X1/X2/Y1/Y2 | HD63A05X1/X2/Y1/Y2| HD63B05X1/X2/Y1/Y2 
Test HD6 3P05Y1 HD6 3PA05Y1 HD6 3PBO5Y1 Unit 


Condition : ; : 
Peis oof em] sis[ ov [am] ain] 


Port Data 
Coe oe tpps 200 200 200 ns 
C, D) ; 
Fig. 6-5 
Port Data 
C, D) 
Port Data 
Gat es Fig. 6-6 EG 300 ce 300 Ee 300 | ns 
C) 


= 0 v +70°C, 


unless otherwise noted.) 


Item Symbol 





@ Control Signal Timing (Vcc = 5.0V + 10%, V,. = GND, se 


unless otherwise noted.) 





Reset Delay 
Time 


= 
n 


HD6305X1/X2/Y1/Y2 | HD63A05X1 /X2/Y1/Y2]HD63B05X1 /X2/Y1/Y2 
Test HD63PO05Y1 HD63PA05Y1 HD63PBO5Y1 P 
Item Symbol ke Unit 
Condition ; : : 
seem] ain [ op [ om | sis [ om [am 
INT Pulse ‘ oye Coye Coyc ee 
Width IWL +250 +200 +200 
INT? Pulse ‘ Ccyc tcyc tcyc a 
Width IWL2 +250 +200 +200 
RES Pulse 
an Lei at BE ek £8 «2 
Control Set- 
Timer Pulse Ccyc Ccyc 
Width +200 +200 cam 
Oscillation 
Start Time 20 ms 
(Crystal) 





* C, = 22pFt20%, Rg = 602 max. 
** 2.2 UF 
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@ SCI Timing (Vcc = 5.0V + 10%, Vj, = GND, T, = 0% +70°C, 


unless otherwise noted) 


HD6305X1/X2/Y1/Y2 | HD63A05X1/X2/Y1/Y2| HD63BO5X1/X2/Y1/¥2 
HD63P05Y1 _- |HD63PAO5Y1 HD63PBO5Y1 Gate 
we [oom | sin [on 











Test 
on Condition 
Clock Cycle 
Time 

Data Output 
Delay Time 


Data Set-up 
Time 





Data Hold 
tan 
Ao ~Ai3 | 
R/W 
MCU Write 
DATAo~DATA7 
MCU Read — 
DATAo~DATA7 
Fig. 5-4 Bus Timing 
MCU Read 
E 
Port 


A.B.C,D A0.8v__ Valid ~ 





Fig. 5-5 Port Data Set-up and Hold Times Fig. 5-6 Port Data Delay Time 
(MCU Read) | —; (MCU Write) 
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Address 





Data Bus 


Data Bus 


Interrupt 
Test 


>_> 








Op Code Op Code irre SP SP-1 SP-2 SP-3 SP-4 Vector Vector New PC 
Address Address + 1 MSB- LSB Address 
Address Address 

PCo~ 

PC? 
Op Operand Irrelevant PCs— ACC CCR Vector Vector i 
Goa. Gen ceaeas 8 ce ep First Inst. of . 

PCi3 AddressAddress Interrupt Routine 
Fig. 5-7 Interrupt Sequence 


—tosc— 
Vec-—0.5V 


5: syv__ 
4.5V 
Fa ee 
Vec— ‘O5v.. 5V 
Vec —0.5V 


Ms FFF i OD GED ORE GH GS OE = TFFE 





TT 
 D— 


1FFF New PC 


4S 
—— 


XX 








Fig. 5-8 Reset Timing 


tscyc ————+ 
Clock Output 7 AV (eres 
C5/CK 
0.6V 0.6V 0.6V 
trxo 
\ ert 
Data Output 2. 4V 
C7/Tx { 
0.6V 
| nancneatiteene ati crntircanerrmarne 
Data Input 
C6 /Rx 





Fig. 5-9 SCI Timing (Internal Clock) 
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Clock Input 
C;/CK 


Data Output 
C7/Tx 


Data Input 


C6 /Rx 





0.8V 0.8V oo 0.8V 





Fig. 5-10 SCI Timing (External Clock) 
Vec - 


\ 


loL=1.6mA = 2-4k2 


C =90pF for E, R/W, APRo VADR13; 
DATAQ VDATA7 


C=40pF for A, B and C PORT | 


[NOTES] 1. The load capacitance includes stary capacitance caused 


by the probe, etc. 
2. All diodes are 152074 (A). 


Fig. 5-11 Test Load 
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6. ROM CODE ORDER METHOD 


User's programs are mask programmed into ROM by Hitachi to be 
shipped as LSI. The users are requested to hand in three EPROMs in 
which the same contents are written, ordering specifications and list 


of the ROM contents. 


Relationship between the address of the mask ROM and that of the 
EPROM is shown in Table 6-1. Write $FF for the unused address data of 
EPROM. 


Table 6-1 Relationship between the Address of Mask ROM and 
that of EPROM 


Type Name Address of Mask ROM Address of EPROM 


HD6 305X0 
HD6305X1 









HN482732A or 
their equivalent 

















HN482732A or 
their equivalent 





HD6 305Y0 
HD6305Y1 









HN482732A or 
their equivalent 


















HD6 305Y0 
HD6305Y1 


HN482764 or 
their equivalent 
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APPENDIX 


I. DESIGN PROCEDURE AND SUPPORT TOOL 


Cross assembler and Hardware emulator, containing various kinds of 
computers, are available as supporting systems to develop user's programs. 


Hitachi will mask program user's programs into ROM to ship them as LSI. 


Fig. I-1 shows a typical program design procedure and Table I-1 


summarizes a set of system development supporting tool for the HD6305 
MCU. 


Start 
Cyr ae of ® 
ae Text Editor 
) Host Computer 
wg . 
Loe 
. Source 
ee wa 
Assembley ®@ Cross Assembler 
Pattern Assemble Host Computer 


Generator 
| Mask | <oxr > 


EPROM > 
e wir rah 
Production P 
Samp le Hardware © 
Simulation Emulator 


EPROM On-Chip LSI, 


Engineering ® HD63P05Y 
Approval 
Yes 


No 





























LON 


Fig. I-1 Program Design Procedure 
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The following explains the system development procedure. 


1. 


Specify functional assignment of I/O pins and allocation of RAM 
area before starting programming. 

Design flowchart to implement the functions and encode this flow- 
chart with mmenic codes. 

Punch the coded format onto cards or paper tape, or write it on a 
floppy disk. This set of coded form is a source program. 

Assemble the source program to form an object program with 


cross system. Then check errors out. 


Verify the program through hardware simulation with an emulator 


or EPROM on-package microcomputer. 
Send the completed program in EPROM to Hitachi. 


After Hitachi received user's specified ROM pattern and options, 
Hitachi will fabricate sample LSI for user's evaluation for the 
functions. If a user finds no problem in the sample LSI, 
Hitachi will start mass production of the LSI. 


Table I-1 System Development Support Tool 


EPROM IBM PC 
Type No. Emulator 
On-Package LSI Cross Assembler 


HD6305X0/X1/X2 H35MIX5 
HD6305Y0/Y1/Y2 (HS35YEMLO5H) 





HD63P05Y0/Y1 S35 1BMPC 
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Single Chip Microcomputer ROM Ordering Procedure 
(1) Development Flowchart | 


Single chip microcomputer device is developed according to 


the following flowchart after program development. 


@) ROM code *1 2 sets of EPROM 
(@) Mask Option List *2 Part specific 


#3 Generic for Hitachi 
microcomputers 






















@ ordering Specifica- | 
tions *3 












Computer processing 


ROM code for confirma- 
tion of ROM fabricating 
specifications *4 


The same ROM code as 
submitted 


Send it back after 
approving 





OK 


4) Verification Listing 
*5 


3 pes 


*7 Start the following 
flowchart after approving 







Mask 


*8 Send back signed working 
Sample approval form 


*9 10 pes 


Sample 


Working Sample (WS) 
* 





(5) Confirmation of func- 
tion, characteristics 
Rl 28 





Confirmation of func- 
tion, characteristics, 
quality 






6 
Engineering Sample (ES) : 
*9 


OK 


Commercial Sample (CS) 


(END) 


(Note) Please send inQ), @), and @)at ROM ordering, and send back @,©6 


after approving. 
Device Development Flowchart 
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(2) Data you send and precautions 


(a) Ordering specifications ----- Common style for all Hitachi 
single chip microcomputer 
devices. Please enter as 
for the followings. The 
format is shown in the next 


page. 


Basic ITEM 
Environment Check List 


Check List of attached data 


Customer 





(b) ROM code ----- Please send in the ordering ROM code by 2 
sets of EPROM the same contents are written. 
Enter ROM code No. in them. It is de- 
sirable to send in program list for easy 


confirmation of the program contents. 


(3) Change of ROM code 


Note that if you change the ROM code once sended in or other 
specification, the ROM must be developed from the beginning. 
The cost of mask charge should be provided again in this case. 


(4) Samples and Mass production 


(Working Sample) ----------- Sample for confirmation of the 
contents of ROM code and that 
of mask option. Normally 3 samples 
are sent, but not guaranteed as for 
reliability. Please evaluate and 
approve immediately because the 
following sample making and mass 
production are set about after 
obtaining your evaluation. 


(Engineering Sample) ------- Sample for evaluating also re- 
liability. 10 pes are included 


(Commercial Sample) -------- Samples for pre-production which 
maybe purchased separately. 


(Mass Product) ------------- Products for actual mass produc- 
| tion. Please enter the plan of 


mass production in full. 


© HITACHI 
241 











| HD6305X0/X1, HD630SY0/Y1 
ORDERING SPECIFICATIONS 
(1) GENERAL CHARACTERISTICS (Fill in blank space or appropriate boxL_] ). 


Device 
Type 














Package Outline 
(See Section) 
3,4.1 












[-] pp-40 = [_] cp-44 
[7] FP-54 





Application 
(be specific) 


Customer 
ROM Code ID 


ROM Code {{_] EPROM Renate _Customer Programmed Start Address 
Media [|] zrat™ ust Pee"'Y* Customer Programmed Stop Address ———___ 


Tompemtare |[1 Standard [J J Specification (-40°C to +85°C), if offered 
[J Yes CJ No Previous Hitachi P/N 


(2) OPERATING CHARACTERISTICS 


ree Target Level Ea S00ne iG...) 
|Range | co. °C) Of Reliability | [7] 1000 Fit 


Options/Remarks: 

















Ambient 
Temperature "ce $C 

renee | Average | % Acceptable CL] 1.0% CJ) 0.4% 
amd Quality Level | TJ o¢sm C1 ¢ 
Power On Average | Hours/Day | Remarks: 
Duration 
Voltage To LSI Supply | 


(3) ELECTRICAL CHARACTERISTICS 


[_] Purchasing Specifications [] Hitachi's Standard Specifications 
a ees Reler lO ata oNCCt) aaa 


For Hitachi Use Only 


(4) CUSTOMER APPROVAL (5) ROM CODE VERIFICATION 





















Customer Name 





| PO# 
enicioniach ain ROM To Customer 


Accepted By (signature) | 
, TT Approved Date of 
ROM From Customer 
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Foreword 


The HD63L05 MCU is a 3V CMOS single-chip microcomputer for battery- 
operated systems with the same instruction set as the HD6805 and abundant 


internal functions with extremely low power consumption. 


The HD63L05 MCU has an architecture that is suitable for the 
controller field in which bit input / output and status flag processing 
on software are important. This device contains the LCD drivers, 
analog-to-digital converter, etc, which are effective in the reduction 


of the number of system parts. 
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1.1 





Overview 


Features of the HD63L05 MCU 


The HD63L05 MCU is a 3V CMOS single-chip microcomputer for battery- 
operated systems with the same instruction set as the HD6805S MCU and 


abundant internal functions with extremely low power consumption. 


This device operates from a 3V power supply with extremely low 
power consumption and has two lower power consumption modes; a soft- 
ware-controlled half mode and a standby mode which is controlled 


through the input pin. 


The HD63L05 MCU contains two internal oscillators, an 8-bit timer with 
a programmable 7-bit prescaler, 20 input/output ports, 4k byte ROM, 96 byte 
RAM, LCD drivers and an 8-bit analog-to-digital converter. By mask-option, 
the functions of the limited pins can be substituted with other functions 
such as LCD drivers, analog inputs, or digital outputs. 


The 63L05 instruction set is compatible with 6805 code at the operation 
code level. The processor keeps the advanced features of the HD6805 family's 
instruction set, such as powerful bit manipulation. 
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Function 


Tinos” 8-bit timer 
| | se (7-bit prescaler) 


Table 1-1 Features of the HD63L05 MCU 


ee 
morn 
= 


LCD driver static, 1/3 bias-1/3 duty 
max 17 segments 


Analog-to-digital converter 8-bit A/D converter 
| max 8 channels. 
























External 


Interruption x. 
| Timer x 
x 
x 








A/D 
Time Base 


x i 
Register 






Program counter PC 12 bits x 1 
OSCl RC, crystal 
Oscillator : 
OSC2 crystal, Internal 


Package 





(FP-~80) (DP-64S) 
HD63L05F1F HD63LO5F1P 
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1.2 Block Diagram 


Input signals and output signals of the MCU are described below. 


@ cc» Vss 
Power is supplied to the MCU by using these two pins. Vcc has a 
voltage of 3.0V + 0.8V, and Vsg is grounded. 


@ INT 
This pin functions as an external interruption request input to the 


MCU. Refer to "2.8 Interruptions" for details. 


@ XTAL, EXTAL 
These pins are control input pins to the internal clock circuit. 
A crystal or resistor is connected to these pins in accordance with | 
the stability of internal oscillation. Refer to "2.7 Internal 
Oscillator Options" for details. 


@ XIN, XOUT 
A crystal (32.768kHz) is connected for OSC2 oscillation. 


When OSC2 is not used, connect XIN to Vcc. 


@ TIMER 
This pin is an external input pin to count down the internal timer circuit. 


Refer to ''2.4 Timer'' for details. When timer is not used, connect to Vcc. 





@ RES 
This pin resets the MCU. Refer to "2.5 Resets" for details. 


@ STANDBY (SB) 
This external input pin stops the MCU operation and holds data. 
Refer to "2.7 Internal Oscillator Options" for details. 


@ A/D Input Pins (CH) \CHg) 
These input pins are for analog voltages necessary for A/D conversion. 
These can also be used as level check inputs under program control. 


Refer to "2.10 A/D Converter" for details. 


@ Vr» VRi 
Reference voltages for A/D conversion are applied to these two pins. 


Refer to "2.10 A/D Converter" for details. 
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CCl, CC2 
These pins are not for user application. 


They should be left open. 


NUM 
This pin is not for user application. Connect it to Vcc: 


Input/Output Pins (Ag VA7, Bg VB7, Cg C3) 

These 20 pins, consisted of two 8-bit ports and one 4-bit port, can 
be individually used as an input or as an output by programming the 
Data Direction Register. Refer to "2.9 Input/Output" for details. 


Liquid Crystal Driver Pins (COM, ~COM3, SEG] \SEGj7) 

COM] “COM3 are for driving common electrodes, while SEG] VSEG)7 are 
for driving segments. SEG) “SEG}7 can also function as outputs. 
Refer to "2.11 LCD Circuit" for details. | 


V1,» V2 : 
These pins are for LCD driver. V , and V2 are connected to Vcc 


through capacitors (0.1uF each). 


VCH | 
This is an output pin from internal voltage regulator. A capacitor 


(0.5¢F + 10%) is connected between Voy and Vcc. 


E 

System clock output (100kHz typ.) 

This NMOS open-drain output stays at "Low" level when the MCU is in 
halt status or standby. This pin should be left open. 


— @xurtacut 


HD63L05 Block Diagram is shown in Figure 1-1. 


SEG, 
SEGa 
SEG: 
SEG.s 


SEG; 
SEG. 
SEG, 
SEG, 
SEG» 
SEGie 
SEGir 
SEGia 
(SEG,,) 
(SEG,,) 
(SEG,,) 
(SEG,,) 
(SEG,,) 







XIN XOUT 


TIMER 


Timer 
8 Counter 
8 Timer Control 


CH, 
(CH,) 
(CHs) 

-(CHe) 





Port A 
Register 





Condition 
Code Reg. 
5 


Register 


Stack 
Pointer 


§ 
g 
: 
é 


Program 
Counter 


Program 
s Counter 





index 
Register 
8 x 













CCR 


SP 


4 “High” PCH 


“Low” PCL 


(CHs) 
(CH) 
(CH,) 
(CHe) 


B: 
Bs 


Bs 
Bs 


Register 


Port C Port B 
Register Register A/D Converter 
o 
Lay 


Data Direction 


Br 


Co 
Ci 


Data Direction 
Register 


Cs 





( +) Mask Option 


Figure 1-1 HD63L05 Block Diagram 
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2. Architecture 


2.1 Memory 


The MCU memory is configured as shown in Fig. 2-1. During interruption 
processing, the contents of the MCU registers are pushed onto the stack 
in the order shown in Fig. 2-2. Since the stack pointer decreases 
during pushes, the low order byte (PCL) of the program counter is 
stacked first; then the high order four bits (PCH) are stacked. This 
ensures that the program counter is loaded correctly as the stack 
pointer increases when it pulls data from the stack. A subroutine call 
will cause only the program counter (PCH, PCL) contents to be pushed 
onto the stack. 


Cautions: 

(1) It is not possible to change the contents of the Write Only 
Register (e.g. the Data Direction Register of the I/O port) of the 
HD63L05 MCU by applying the Read/Modify/Write instructions, BSET, 
or BCLR. 


(2) For prevention of the system from running wild, do not address the 
Not Used area of the memory map. 


10 Ports 
Timer 


Alo 
CO, 8VS. CTAL 
RAM 


Zero 
OM 
(128 Bytes) 


Main ROM 
(3632 Bytes) 





4 3 210 


7 
Condition 
os De 


6 8 
n 
n—3 Accumulator 









Vestors’ 
ROM *Write Only Register 


(12 Bytes) * Only the PCH and PCL are stacked 


in the cata of a subroutine call, 





Figure 2-1 Memory Map Figure 2-2 Interrupt Stacking Order 
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2.2 Registers 


The MCU has five registers available to programmers. They are 


shown in Figure 2-3 and are explained in the following paragraphs. 


Accumulestor 


Index Register 


11 0 
(re) Prtram coune 


1 5 4 0 


O | Oo | 0 fo} o| 4 | | | SP Stack Pointer 


| H | Ha | Fa Cc | Condition Code Register 


Carry/Borrow 
Zero 

Negative 
Interruption Mask 
Half Carry 





Figure 2-3 Programming Model 
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(1) Accumulator (A) 


An 8-bit register of general purpose to hold operands, results of 


arithmetic calculations, or data manipulations. 


(2) Index Register (X) 


An 8-bit register for the indexed addressing mode. It contains an 
8-bit address that may be added to an offset value to create an 
effective address. The index register is available for limited 
calculations and data manipulations when executing read/modify/ 
write instructions. When not required by a code sequence being 
executed, the index register can be used as a temporary storage 


register. 


(3) Program Counter (PC) 


A 12-bit register that contains the address of the next instruction 


to be executed. 


(4) Stack Pointer (SP) 


A 12-bit register that indicates the address of the next stack 
area on the stack. Initially, the stack pointer is set to address 
SO7F. It is decreased as data is pushed onto the stack and 
increased as data is pulled from the stack. The most significant 
bits of the Stack Pointer are fixed to 0000011. 

During the MCU is reset or executing the reset stack pointer (RSP) 
instruction, the Stack Pointer is set to location $O7F. Since 
subroutines and interruptions are designed to use memory area up to 
address $061 for stacking, programmers can use area up to 15 levels 
for subroutine. 


(5) Condition Code Register (CCR) 


(a) 


A 5=bit register in which each bit is used to indicate the results 
of the instruction just executed. These bits can be individually 
tested by branch instruction with condition. Each condition code 
register bit (H, I, N, Z, C) is explained in the following paragraphs. 


Half Carry (H) 


This bit is set if a carry occurs between bit 3 and bit 4 during 
arithmetic operations (ADD, ADC). 
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(b) 


(c) 


(d) 


(e) 


Interruption (1) 

This bit is set to mask the internal interruption (INT) and external 
interruption (INT). If an interruption occurs while this bit is set, 
the interruption is latched and will be processed as soon as the 


interruption mask bit (I) is reset. 


NOTE: CLI (clear interrupt mask bit) is used to allow the interruption from 
the instruction after next. SEI (set interrupt mask bit) masks the 


interruption from next instruction. 


Negative (N) 
This bit indicates that the result of the last arithmetic, logical 
of data manipulation is negative (bit7 in result logical "1"). 


Zero (Z) 
This bit indicates that the result of the last arithmetic, logical 


of data manipulation is "0". 


Carry/Borrow (C) 
This bit indicates that a carry or borrow has occurred during the 
last arithmetic operation. This bit is also affected by bit test 


and branch instructions, shift instruction, and rotates instruction. 
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2.3 System Control Register 


260 


In addition to the registers for program operation explained above, 
there is a register that controls system operation. It's configuration 


is shown in Figure 2-4. 


(1) Time Base Interruption Request Flag (TB INT) 
Stores an interruption request from the time base which is selected 
by the TB select bit. 
If the TB MASK bit or I (Interruption bit in the CCR) is set, the 
interruption request is not acknowledged. Only logical "0" can be 


written into this bit by program. 


(2) Time Base Interruption Mask (TB MASK) 
If this bit is set, any interruption request from the time base is 


masked. 


(3) Time Base Select Bit (TB SELECT) 
Selects the time base. In logical "1", 1l-second cycle time base 
is acknowledged. In logical "0", 1/16 second cycle time base is 


acknowledged. 


(4) Time Base Reset Bit (TB RESET) 


Resets the frequency divider behind the 32kHz oscillator. When 
this bit is set, one shot reset pulse is generated by the hardware. 
Then it resets the frequency divider and, after that, the frequency 
divider restarts. When this bit is read, the CPU always reads this 
bit as logical "0". 

The frequency divider also provides the system clocks to the A/D 
converter and LCD drivers. Thus, it is needed to pay attention 
when "TB RESET" is used, Whenever this bit is read, "0" is 


transmitted. 


(5) Halt (HALT) | 
Halts the CPU operation. When this bit is set, the registers are ~ 
saved onto the stack in the same sequence as interruption processing. 
After all registers have been saved, the CPU operation halts to 
prepare for processing interruption. When the CPU acknowledges 
interruption, such as external interruption or time base interrup- 
tion, the bit is reset and the CPU restarts operating. By using 
the Halt function with Time Base Interruption, the CPU can operate 
intermittently. | | 
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(6) EXT 
In selecting the form of output port by DUTY select bit or mask- 
option, WRITE is available every time data is written into LCD 
register in the case that this bit is initialized to "1". WRITE 
functions as the clock for writing data when transferring the 


data of LCD register to the outside. Normally, EXT is reset. 


(7) Duty Select Bit (DUTY) 
The MCU contains switching circuits for static drive signal and 
output ports in order to select driving form of LCD drive circuit. 
The LCD drive circuit is based on 1/3 bias - 1/3 duty. 
Refer to "2.11 LCD Circuit" for details. 


NOTE: The EXT bit and the DUTY bits have to be initiallized in a 1 m second 
from the beginning of the system reset when the static drive signal or 
output port is selected. 








SYS CTRL Register 
7 0 
TB TB TB TB HALT EXT LCD 
INT MASK SELECT RESET DUTY 
(0 1 1 0) 0 0 1 1) “7 


Reset 


Figure 2-4 System Control Register Configulation 


2.4 Timer 


The MCU timer block diagram is shown in Figure 2-5. The 8-bit 
counter is loaded under program control and counts down toward "0" as 
soon as the clock input is applied. When the timer reaches "0", the 
timer interruption request bit (bit 7) in the Timer Control Register 
is set. The MCU responds to this interruption by saving the present 
MCU state onto the stack, fetching the timer interruption vector from 
locations SFF8 and SFF9, and executing the interruption routine. The 
timer interruption can be masked by setting the timer interruption mask 
bit (bit 6) in the Timer Control Register. The interruption bit (I bit) 


in the Condition Code Register also masks a timer interruption. 
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Either an external clock signal or the internal clock signal function 
as the clock input to the timer (Note: External clock signal is applied to 
timer input pin for the external source). When the internal clock functions 
as the source, the clock input is gated by the input applied to the timer 
input pin; this permits the MCU to measure its pulse width with ease. There 
are two types of internal clock signals (E and $309k) to allow timer opera- 
tion when the CPU is halted. (E is active when OSC1 is not stopped.) These 


clock signals are under program control. 


A 7-bit prescaler is provided to extend the timing of the timer. 
The number of prescaling counts can be program selected by the lower 3 
bits within the Timer Control Register. The timer continues to count 
when it reaches "0'' and its present count can be monitored at any time 


by reading the Timer Data Register. 


When reset, the prescaler and the counter are all initialized to 
logical "1". The timer interruption request bit is cleared and the timer 
interruption mask bit is set. Only logical "0" can be written into this 


bit by program. 
2.5 Resets 
The MCU can be reset by pulling the external reset input (RES) "LOW". 


Immediately after power up, a minimum of 150 milliseconds is needed 
before allowing the reset input to go "High" to allow the internal 
oscillator (OSC1l) to be stabilized. Connecting a capacitor to the RES 


input as shown in Figure 2-7 will provide sufficient delay. 
2.6 Self Check 


The self check capability of the MCU provides an internal check to 
determine if the LSI te: Funeetonad: Connect the MCU as shown in 
Figure 2-9, and the LSI function can be checked by an oscillation of 
port C bit 3 (approximately 0.5Hz). This self check capability also 
provides the internal state specification of the MCU to measure the 
LSI current. After a system reset, the MCU goes into each current 
weecunenere mode by the combination of the control switches. The LSI 
Curvedt can be measured when the NUM is returned to Vcc after setting 


the current mode. 
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Figure 2-5 Timer Block Diagram 


TIMER CTRL Register 


Reset 
TIMER| TIMER] CLK COUR NOT | PRESCALER 
INT | MASK | SELECT NTER | USED BIT 

( 0 1 1 


1 1 1 #1 1) 


L____. indicates Frequency 
Bit Count 


Timer at “1° 
Counter at “0” 


E at "1" (100kHz) 
@sak at “O" (32kHz) 





Figure 2-7 Power and Rest Timing 


Figure 2-8 
Input Reset Delay Circuit 


When the MCU is reset, all I/O ports go 
into "High" impedance state. Peripheral 
circuits, such as Timer, A/D converter, 


or Time Base, are set to predetermined 
value. 
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Vou Vcc TIMER INT 
EXTAL 
XTAL 


XIN 







HD63L05F1 





1 : 

2 Veo °° 86 
The connection of OSC1 and OSC2 

depend on their mask option. 










[So] $1] $2[ $3] $4 [$5] $6] S7_ 

LSI ruperron | LSI Function | x| «|x| = jox}x]o|o 

operation] ° | * 
operation 

aera CIE 

[2}.9 | 

by Lolo 












x :OFF © :0N — :; Change the state 


Figure 2-9 Self Check Connections 
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2.7 Internal Oscillator Options 


The MCU contains two oscillators: oscillator 1 for system clock 


supply, and oscillator 2 for time base interruption and LCD drivers. 


(1) Oscillator 1 (OSC1) 


(2) 


The internal oscillator circuit can be driven by connecting a crystal or a 


resistor between XTAL and EXTAL. A manufacturing mask option is available for 


selecting better matching between the external components and the internal 


oscillator at start up. 

Figure 2-10 shows the connection of oscillator circuit. 

A resistor selection graph to determine oscillation frequency of 
RC oscillator is given in Figure 2-11. 

When RC oscillation, the oscillation can be stopped by mask option 


in halt status. This saves consuming power when halting. 


Oscillator 2 (0SC2) 

Clocks are supplied to Timer, Time Base, A/D Converter, and LCD 
Drive Circuit from OSC2 by connecting 32.768 kHz of crystal to XIN 
and XOUT. OSC2 operates even in the halt status, which permits 
the MCU to implement intermittent action indicating LCD status. 
In standby status, this frequency divider stops, while OSC2 keeps 
on operating to maintain restart time after it has been relieazed 
from the instruction. 

Figure 2-12 shows the connection between OSCl and 2, while Figure 
2-13 and 2-14 shows the relations between them. 

Mask options are available for deciding if OSC2 is used or not. 
When OSC2 is not used, OSCi/12 will be provided to the peripheral 
circuit as $3ok. 


In this case, fix Xin pin to Vcc- 
Figure 2-14 shows the combinations of selectable mask-options and 


the corresponding system operation statuses. Refer to this figure 


in selecting mask-options on oscillation circuit. 


@ HITACHI 













EXTAL 















Crystal 
; 100 kQ 
Rs=1k2 REAL: “Geye Typ. 
10pF 
Veo 5) 
Crystat Oscillator RC Oscillator 
Option 
Ext. Clock Ext. Clock 
input Input 


Ext. Clock Ext. Clock 
Crystal Option Resistor Option 


Figure 2-10 Mask Option for Oscillator! 





100 200 300 400 500 600 700 
Resistance ( kQ ) 


Figure 2-11 Typical Resistor Selection Graph 
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Crystal = 
Rs=20k2 HD63L05 


10pF wey 


vec 5 


fcL_: frequency of OSC1 
32K; C clock for peripheral 


CPU Clock (fo._/4 :E) 


Crystal Oscillator 


STANDBY Sj Time base 
y Interrupt 


HD63L05 
MCU 





Figure 2-13 Relation between Oscillator! 
and Oscillator2 





Figure 2-12 Connection of Oscillator2 
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Combinations of Mask Option 
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Present [> Cand-by | OSCI (area eS: 

mre x 
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Note *] In selecting crystal oscillation, OSC1 cannot be stopped in 
halt status. ms = 
*2 Delay time cannot be accurate without OSC2. 
*3 In selecting CR oscillation, stand-by operation is available 
for any options. 


Figure 2-14 Oscillator2 Mask-option and System Operation 
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(3) Stand-by . 
The MCU goes into stand-by mode when STAND-BY is pulled "High", 
In this status, all circuits, except OSC2, stop functioning holding 
current status. (Time Base, Timer, A/D Converting Data are not held). 
OSCl restarts oscillating by pulling STAND-BY "Low". Then the CPU 
restarts its operating sequence after delay time for oscillation 
stability has passed. 
CPU operation must be masked after the CPU has been released from 
stand-by mode until OSCl oscillation is stabilized. This is 
because OSCl stops functioning in the stand-by mode. For this 
reason, the HD63L05 MCU contains a frequency divider as a delay 
circuit, which permits the CPU to gain the accurate delay time if 
OSC2 is provided. Users should be careful when OSC2 is not provided, 
because the CPU starts functioning after 32k has been divided by the inter- 
nal divider corresponding to the selected delay time. This frequency circuit 
also operates just after reset. Don't input STAND-BY again during the delay 
time, because it will cause the system to malfunction. As a result, delay 
time is calculated as: 

[(32768 Ha) /(S8%2)] x delay time. 


2.8 Interruptions 
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There are six different interruptions to the MCU: external inter- 
ruption through external interruption pin (INT), internal timer | 
interruption, interruption by termination of A/D conversion, time base 


interruption (2 types), and software interruption by an instruction (SWI). 


When any interruption occurs, processing is suspended and the 
present MCU status is pushed onto the stack. The interruption mask 
bit (I) in the Condition Code Register is set, the address of the 
interruption routine is obtained from the appropriate interruption 
vector address, then the interruption routine is executed. When RTI 
instruction has been completed, the MCU continues processing recovering 
the MCU status by RTI instruction. Table 2-1 provides a listing of the 
interruptions, their priority, and the vector addresses. In case a 
number of interruptions occurred simultaneously the MCU processes them 
according to the priority. 

Figure 2-15 shows the system operation flow, in which the portion 
surrounded with dot-dash line shows an interruption execution sequence. 

Note: A clear interruption bit instruction (CLI) allows to suspend 
the processing of the program by an interruption after execution of 


the next instruction while a set interruption bit instruction (SEI) 


inhibits any interruptions before execution of the next instruction. 
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When a mask bit of a control register is cleared by an instruction, 


interruption is allowed before execution of the next instruction. 


(1) Acknowledging interruptions in HALT Status 


(2) 


In HALT status, the CPU stops functioning, while the peripheral 
circuit are operating. When an interruption is acknowledged, the 
CPU reads the head address of the interruption routine from the 
vector address corresponding to the interruption condition. Then 
the CPU executes interruption service to meet the interruption 


condition. 


Acknowledging interruptions in Stand-by Status 
In Stand-by status, the system stops with power is supplied to it. 
Any interruption request (including RES) is therefore, ignored. 


Table 2-1 Interruption Priority 





Interruption Vector Address 
SWI SFFC, $FFD 
INT SFFA, SFFB 
TIMER SFF8, SFF9 
A/D SFF6, SFF7 
TIME BASE a aa SFF4, SFF5 
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Figure 2-15 System Operation Flowchart 
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2.9 Input/Output (Port A,B,C). 


There are 20 input/output pins. All pins can be programmed 
either as inputs or outputs under software control of the Data 
Direction Register. When programmed as outputs, all I/O pins read 
output data of the programmed logic level even if the actual output level 
is affected by output load (Refer to Figure 2-16). 


(1) Port Configuration 

Figure 2-17 shows the port configuration. 

Each pin can individually select four types of configurations by 

mask option. The following explains these. 

A: This port configuration is of general type. 

B: This configuration contains pull-up resistance to prevent input 
from floating when using the port as an input. Select this con- 
figuration in such cases as connecting the switch to port 
directly. 

C: This port configulation is for driving key matrix. If key 
matrix is driven under this port configuration, the CPU can 
read the necessary data precisely, even if more than two keys 
are pushed simultaneously. 

D: This port configuration is NMOS open drain output, which is 
convenient for removing wired OR or driving transistor circuit. 


Users should be careful of the maximum output voltage of open 





drain output. Output voltage of open drain output covers from 


"oy" to "Vcc": 
2.10 A/D Converter 


The MCU contains an 8-bit A/D converter based on the resistor 


ladder system. Figure 2-18 shows its block diagram. 


The "High" side of reference voltage is applied to Vp, while the 


"Low" side of reference voltage is applied to Vpy. 


The reference voltage, which is divided by resistors into voltages 
matching each bit, is compared with the analog input voltage in order 


to implement A/D conversion. 


As the analog input voltage is applied to the MOS gate of the 
comparator through the analog multiplexer, this voltage comparison 


system achieves high input impedance. 
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A/D converter provides two modes; A/D conversion mode, and 


program comparison mode. 


(1) A/D Conversion Mode 


(2) 


This mode allows the MCU to perform A/D conversion automatically. 
A/D conversion starts when A/D operating mode selection bit is 
initialized to "0", and "1" is programmed to A/D conversion flag. 
When A/D conversion has been completed, A/D conversion flag is 
automatically reset while A/D conversion interruption request 
flag is set. In response to this interruption request, the MCU 
loads the head address of A/D conversion interruption routine, 
then executes the interruption routine. A/D interruption can be 


masked by setting A/D interruption mask bit to "1". 


The MCU requires about 2 ms to perform A/D conversion itself. 
However, the MCU requires 4 ms at most to complete the whole A/D 
conversion process, because clock generator is multiplexed with 


Time Base and LCD drive circuit. 


Program Comparison Mode 

This mode allows the MCU to compare the predetermined standard level pro- 
grammed into the A/D data register with the analog input level. When ''1'! 
is programmed in A/D operating mode selection bit, the MCU enters into pro- 
gram comparison mode. Result of the comparison is transmitted to comparison 
result output bit by programming the digital value corresponding to standard 
level and by reading A/D control register. ''1'' is transmitted when analog 
input level is higher than standard level, while ''0'' is transmitted when 
analog input level is lower. Note that the MCU wastes more consuming power in 
this mode, because supply voltage is supplied with the comparator con- 
stantly. 


A/D converter continues functioning even when halting. So halt 
power does not decrease when A/D converter is functioning. In 
stand-by mode, conversion is suspended and comparator source power 
is off. 


A/D converter sometimes reperforms A/D conversion after being 


recovered from stand-by mode. However, its result cannot be 


assured. 
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(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


A/D Interruption Request Flag (A/D INT) 

The A/D INT bit is set to logical "1" after A/D conversion has 
been completed, and is cleared by system reset. A/D INT bit 
should be reset by program under interruption subroutine. Only 


logical "0" can be programmed into this bit. 


A/D Interruption Mask (A/D MASK) 
If this bit is set, interruption request from the A/D converter 


is masked. 


A/D Converter Flag (CNV) 
Set this bit to logical "1" in order to implement A/D conversion. 


During conversion, data of this bit holds "1". The bit is 


automatically reset to "0" when the A/D conversion has been 


completed. In A/D conversion, supply voltage is applied to the 
comparator only when CNV="1". The digital data, which is 
obtained by A/D conversion, is held in the A/D data register. 


This data is reset when the CNV is set to "1" again. 


A/D Operation Mode Selection Bit (Auto/Program) 

This bit selects either auto-run 8-bit A/D conversion or 8-bit 
programmed comparator operation (Auto 8 bits A/D conversion at 
"O"). When this bit is reset to "0", the MCU selects the 8-bit 
A/D conversion mode, then performs A/D conversion according to 
the value represented by the A/D conversion flag. When this bit 
is set to "1", the MCU selects Program Compare Mode, which allows 
the program to compare the value between A/D data register and 


analog input level. 


COMP OUT 

This bit transmits the result of comparator operation between 
the standard level at A/D register and analog input value 
(Logical "1" means that input voltage is higher than programmed 


reference voltage). 


MPX 
This bit selects 8-channel analog inputs. The multiplexer is 


an analog switch based on CMOS. 
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Fig. 2-17 1/0 Port Configuration 
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Figure 2-18 8 Bits A/D Converter Block Diagram 


7 0 
A/o | A/O Auto_| comp A/D CTRL 
(0 1 0 0 1 


0 0 O )——Reset 


Figure 2-19 A/D Control Register Configuration 
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2.11. LCD CIRCUIT 


The system configuration of the LCD circuits is shown in Figure 
2-20. 1/3 bias-1/3 duty drive, static drive, or output port con- 
figuration can be selected in LCD circuit. This selection can be 
specified by both mask option and duty select bit of system control | 


register. 


Segment data for display are stored in data registers (LCD1 to 
LCD8). Since the circuits are connected to the output pins through 


pin location block, users can specify a combination of datas to be 


multiplexed with the segment output pins. 


NOTE: In selecting LCD other than 1/3 bias-1/3 duty LCD, specify the Duty 


bit within 1 ms since reset has been vectored. 


The bit data of the LCD register (LCD1 to LCD8) are combined 
with the timing clocks ($1, ¢2 or $3), and three combined bit data are 
gathered to make a segment output data in 1/3 bias - 1/3 duty drive. 
In case of static LCD drive or output port, timing is always fixed 
to >) (always "High") and one bit data of the LCD register is 


assigned to segment pin. 


Note that the output pins (SEG 13 to SEG17) are analog inputs 


and mask options. 


When the form of output port is selected by Duty bit ("00"), 
@WRITE clock and fc,/4 (system clock) can be transmitted every time 
data is written into LCD1 register by setting EXT bit to "1". This 
signal is also available for connecting the MCU to external eivcdie 


easily. All bits of LCD1, LCD2, LCD3 register are cleared by reset. 
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2.12 Liquid Crystal Driver Waveforms 


The LCD circuit is based on 1/3 bias - 1/3 duty driving. Figure 
2-21 shows the common electrode output signal waveforms (COM ,, COM2, 
COM3), segment signal waveforms (SEG, to SEG17) and LCD bias waveforms 
(between COM and SEGMENT). 


Assignment of segment pins to the bits of the LCD data register, 
including the case in which segment pins are used as output pins, is 


to be specified by the user when he orders masks. 


(Note). . The pin function (V,/CH7 or V2/CHg) can be selected by 
mask options. In case of 1/3 bias - 1/3 duty drive, select V, and Vo 
in order to reduce supply impedance. For your application, connect 
0.1 UF condensors between Vj pin and Vcc as well as between V2 pin and 
Vcc,» respectively. 


SEG, 3~ SEGi, 
Mask Option 


onnwvoauw&@wn = 


Pin Location 
Block 


Contents of 
y SEG co SEG, 


OUTPUT PORT 
STATIC LCD 


1/3 Bias 
1/3 Duty LCD 





symem Cont Ras. [ou] 





Figure 2-20 LCD Circuit System Configuration 
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Figure 2-21 LCD Driving Waveforms 


2.13 Bit Manipulation 


The MCU has the ability to set or clear any single random access 
memory or input/output bit (except the data direction registers) with a 
single instruction (BSET,BCLR). Any bit in the page zero read only memory | 
can be tested,using the BRSET and BRCLR instructions,and the program branches 
as a result of its state. This capability to work with any bit in RAM,ROM 
or I/O allows the user to have individual flags in RAM or to handle single 
I/O bits as control lines. | 


NOTE : 
_ It is necessary to pay attention to the system control register, 
the timer control register,and A/D control register when BSET,BCLR,or 
Read/Modify/Write instructions are applied to them. If own interruption 
request occured onto the interruption request bit (bit 7) of the control 
register between read cycle and write cycle of these instructions,the 
bit7 might be cleared in the write cycle and not acknowledged by CPU. 
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2.14 Addressing Modes 


The MCU has ten addressing modes available for use by the programmer. 
They are explained and illustrated briefly in the fillowing paragraphs. 


(1) Immediate 
Refer to Figure 2-22. The immediate addressing mode accesses constants 
which do not change during program execution. Such instructions are 
two bytes long. The effective address (EA) is the PC and the operand is 
fetched from the byte following the opcode. 


(2) Direct 
Refer to Figure 2-23. In direct addressing,the address of the operand 
is contained in the second byte of the instruction. Direct addressing 
allows the user to directly address the lowest 256 bytes in memory. 
All RAM space,I/O registers and 128 bytes of ROM are located in page 
zero to take advantage of this efficient memory addressing. 


(3) Extended 
Refer to Figure 2-24. Extended addressing is used to reference any 
location in memory space. The EA is the contents of the two byte following 
the opcode.Extended addressing instructions are three bytes long. 


(4) Relative 
Refer to Figure 2-25. The relative addressing mode applies only to the 
branch instructions. In this mode the contents of the byte following 
the opcode are added to the program counter when the branch is taken. 
EA=(PC)+2+Rel. Rel is the contents of the location following the 
instruction opcode with bit 7 being the sign bit. If the branch is not 
taken,Rel=0. When a branch takes place,the program goes to somewhere 
within the range of +129 bytes to -127 of the present instruction. 
These instructions are two bytes long. 


(5) Indexed (No Offset) 
Refer to Figure 2-26. This mode of addressing accesses the lowest 
256 bytes of memory. These instructions are one byte long and their 
EA is the contents of the index register. 





(6) Index (8-bit Offset) | 
Refer to Figure 2-27. The EA is calculated by adding the contents of 
the byte following the opcode to the contents of the index register. 
In this mode,511 lowest memory locations are accessible. These 
instructions occupy two bytes. 


(7) Indexed (16-bit Offset) 
Refer to Figure 2-28. This addressing mode calculates the EA by adding 
the contents of two bytes following the opcode to the index register. 
Thus,the entire memory space may be accessed. Instructions which use 
this addressing mode are three bytes long. 


(8) Bit Set/Bit Clear 
Refer to Figure 2-29. This mode of addressing applies to instructions 
which can set or clear any bit on page zero. The lower three bits in 
the opcode specify the bit to be set or cleared while the byte following 
the opcode specifies the addresss in page zero. 
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(9) Bit Test and Branch 


Refer to Figure 2-30. This mode of addressing applies to instructions 
which can test any bit in first 256 locations ($00-$FF) and branch to 

any location relative to the PC. The byte to be tested is addressed 

by the byte following the opcode . The individual bit within that byte 


to be tested is addressed by the lower three bits of the opcode. 


The third byte is the relative address to be added to the program counter 
if the branch condition is met. These instructions are three bytes long. 

The value of the bit tested is written to the carry bit in the condition 

code register. 


(10) Implied 


Refer to Figure 2-31. The implied mode of addressing has no EA. All 

the information necessary to execute an instruction is contained in the 
opcode. Direct operations on accumulator and the index register are included 
in this mode of addressing. In addition,control instructions such as 

SWI,RTI belong to this group. All implied addressing instructions are 

one byte long. 
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Figure 2-23 Direct Addressing Example 
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Figure 2-24 Extended Addressing Example 
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Figure 2-26 Indexed (No Offset) Addressing Example 
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Figure 2-27 Indexed (8-Bit Offset) Addressing Example 
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Figure 2-28 Indexed (16-Bit Offset) Addressing Example 
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Figure 2-29 Bit Set/Bit Clear Addressing Example 
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Figure 2-30 Bit Test and Branch Addressing Example 





Memory 


eat Oe 
Index Reg 


E5 
PROG TAX O5BA Stack Point 


CCR’ 


| 
res 
t 
! Doers 


| 


Figure 2-31 Implied Addressing Example 
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2.15 Instruction Set 


The MCU has a set of 59 basic instructions. They can be divided 


into five different types: register/memory, read/modify/write, branch, 


bit manipulation, and control. The following paragraphs briefly 


explain each type. All the instructions within a given type are 


presented in individual tables. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Register/Memory Instructions 

Most of these instructions use two operands. One operand is 
either the accumulator or the index register. The other operand 
is obtained from memory using one of the addressing modes. The 
jump unconditional (JMP) and jump to subroutine (JSR) instructions 


have no register operand. Refer to Table 2-2. 


Read/Modify/Write Instructions 

These instructions read a memory location or a register, modify 

or test its contents, and write the modified value back to memory 

or to the register. The test for negative or zero (TST) instruction 
is an exception to the read/modify/ write instructions as it 


does not perform the write. Refer to Table 2-3. 


Branch Instructions 


The branch instructions cause a branch from the program when a 





certain condition is met. Refer to Table 2-4. 


Bit Manipulation Instructions 


These instructions are used on any bit in the first 256 bytes of 
the memory. One group either sets or clears. The other group 


performs the bit test and branch operations. Refer to Table 2-5. 


Control Instructions 
The control instructions control the MCU operations during program 


execution. Refer to Table 2-6. 


Alphabetical Listing 
The complete instruction set is given in alphabetical order in 


Table 2-7. 


Op-code Map 
Table 2-8 is an op-code map for the instructions used on the MCU. 
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Operation 


Load A from Memory 
Load X from Memory 
Store A in Memory 
Store X in Memory 
Add Memory to A 


Add Memory and 
Carry toA 


Subtract Memory 


Subtract Memory from 
A with Borrow 


AND Memory to A 
OR Memory with A 


Exclusive OR Memory 
with A 


Arithmetic Compare A 
with Memory 


Arithmetic Compare X 
with Memory 


Bit Test Memory with 
A (Logical Compare) 


Jump Unconditional 
Jump to Subroutine 


Symbois: Op = Operation 


Operation 


Increment 
Decrement 
Clear 
Complement 


Negate 
(2’s Complement) 


Rotate Left Thru Carry 4 


Rotate Right Thru Carry 


Logical Shift Left 
Logical Shift Right 

Arithmetic Shift Right 

Arithmetic Shift Left 


Test for Negative or 
Zero 


Symbols: Op = Operation 
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el 
~ 


Table 2-2 Register/Memory Instructions 





Addressing Mode 

sbi sabes (No Offset (a.Bit Offset) (16.Bit Offset) 
[wom | [tlt [oon Se non Se [al ae 

Code | Bytes Code | Bytes Code | Bytes |Cycles} Code | Bytes |Cycles| Code | Bytes |Cycles! Code | Bytes |Cycles 
HR Ee ee 6 
Sane pee | 2 {3 [ce] 3 [4 f[re{s [2 fe] 2 {4 {orl 3|s5 
sta | - | | ~ | a7 | 2 | 4 [ c7 | eee aes | 2 | 6 | o7 | 3 | 6 
sx [- |-{|-|[er[2{4f[eo[s|{s5 {rej | 3 [er | 2 | 5 | or] 3 | 6 
| ano {ae | 2 | 2 [ee | 2 | 3 [ce | 3 | 4 [re 1 | 2 | ew] 2 | 4 | oe] 3 | 5 
LADS Some CSO Ge macir 
sus faof?[?j[eo|2|s{[om[s|«{el1{[7{e (27 {«]oola]s 
eckete eee Cetera, oh dead tees 
eC 
| ora | AA| 2 | 2 | Bal 2 | 3 [cal 3 | 4 [ra] a [ 2 | eA] 2 | 4 [oA] 3 | 5 
prom fasta fe tei ets lols ls [els |e lee |s [els |e 
oe ee Cee ee 
CEN EN CERES CAR CERES 
er fae 2 fie je |e [ols [s [els fe les] es [ols | 
pe =| - | - | - fec{ 2] 2iec}]3 {3 {rel{s1|2iec{ 2 {3 [oc] 3 | 4 
sr ot[-[-[- [et 2]4 feo] s | s [ro]: | 3 feo] 2 | 4 joo] 3s 


# = Instruction 


Table 2-3 Read/Modify/Write Instructions 


Addressing Mode 


Implied (X) Indexed 


(8-Bit Offset) 


tndexed 


Implied (A) (No Offset) 


Direct 


~ 
c 


Op # Op # # Op # # 
Mremonic | <28, see Pies cane ca Goa Code ee Cycles | Code { Bytes | Cycles | Code | Bytes | Cycles 
7A 


4c 
A 


40 


9 
6 


~ 
wn 


~ SEs EN NEN NS ~~ ~ 


4 


ssl 


LSL 


LSR 54 
57 2 
ASL 4 58 





TST 


oO 
~ 


# = Instruction 
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Operation 


Branch Always 

Branch Never 

Branch IF Higher 

Branch IF Lower or Same 

Branch 1tF Carry Clear 

(Branch IF Higher or Same) 

Branch IF Carry Set 

(Branch IF Lower) 

Branch IF Not Equal 

Branch IF Equal 
Branch IF Half Carry Clear 

Branch IF Half Carry Set 

Branch IF Plus 

Branch IF Minus 

Branch IF Interrupt Mask Bit is Clear 
Branch IF Interrupt Mask Bit is Set 

Branch IF Interrupt Line is Low 

Branch IF Interrupt Line is High 

Branch to Subroutine 


Symbol: Op = Operation 


Table 2-4 Branch Instructions 


Relative Addressing Mode 


R 


w 
> 


ao 
r 
wn 


BC 


i 


BCS 
(BLO) 


BHCC 


oO 
uv 
r 
“J 


BMC 


?) 


BIL 


# = Instruction 


«If branched, each instruction will be a 3-cycle instruction. 


Table 2-5 Bit Processing Instructions 


Operations 


Branch IF Bit n is Set 
Branch IF Bit n is Clear 
Set Bit n 

Clear Bitn 


Symbol: Op = Operation 


Bytes 


Addressing Mode 


Bit Set/Clear 


Op # # 
Code Bytes Cycles 


BRSET n (n=0.....7) 
BRCLR n (n=0.....7) 
BSET n (n= 0.....7) 
BCLR n (n=0.....7) 


a eae 
aa ae ee 
a oe ee oe 

ee a ae 


# = Instruction 


« If Branched, each instruction will be a 5-cycle instruction. 
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# 
Cycles 


3 
2 or 3 * 
2o0r3* 
2o0r3* 
2or3*. 
2o0r3* 
2 or 3* 
2or3* 
2or3* 
2or3* 
2or3* 
20r 3" 
2or3* 
2o0r3”* 
2 or 3* 
2 0r3* 
2or3* 
2 or 3 * 

4 


Bit Test and Branch 


Op 
Code 


01+2°-n 


Bytes 


4or5* 
4or5* 


Cycles 
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Table 2-6 Control Instructions 


a 


Op 


Transfer A to X prewer cae foe 1 
Transfer X toA | Ta | 9F | 1 
Set Carry Bit SEC | 99 | 1 | 
Clear Carry Bit | crc | 98 | 1 | 
Set Interrupt Mask Bit | ser | 9B [1 | 
Clear Interrupt Mask Bit | cui | 9A [ 1 | 
Software Interrupt | swe | 83 [1 | 
Return from Subroutine | RTS | 81 | 1 | 
Return from Interrupt | att [| so | 1 | 
Reset Stack Pointer | RSP | 9c | 1 | 
NoOperation | NoP_| 9D | 1 | 


Symbol: Op = Operation #= Instruction 


=f od | 8] | CO | am | = | oe | od | od 


Table 2-7 Instruction Set 


Condition Code 
Mnemonic ee Bit Bit 
SSS asec snnat 
ADC ae ae ee ae eee ee es Pe 
ADD ie Ss PN SE A eS a OG AS A 
AND EF FE EES Ale 
a ae a ee ae ee a ee ee ee ee 
a ES ee ee ee, 
[eens a Cee: ae (eee ER aie (ee meee Sees ees ae 
srr | | | {| {| {| {| =| « | Je lelele fe 
pes | | Ot CE Cl xe TCT Cf fe fe Le fo 
pea | CT CE CE Ce fo fe fe fo 
BHCC ole a A ee OS TC ere 
Bucs {| {| | ft Ct xe TCC To fo fe Je 
TS OD GD GO OO 
a ie ee ee ee a ee ee ee ee 
pH | CCT CTC Ce | fo feo fe Jo 
TT a A I a GN GO ON NS I I OO 
pr | CCE x TE eT xe Te ee de Te [ATA Jo 
po | CUT CT CC eT feo fe fe [oe 
TESS I nD D2 OI I OO OW SF 
pwc | CT CT CU Ce Ct Teo Le fe fo 
SD RS Rn GS I Oe 
ae ae Se a a: se ee ee a ee ae 
Tae a ee ee ee ee ee ee a 
pe; CT CUT CT Ce TCC fe fe fe fe 
Te ae ae Ge a ee ee ee ee es ee a 
Symbols for condition code: (Continued) 

H Half Carry (From Bit 3) C  _Carry/Borrow 

1 Interrupt Mask A Test and Set if True, Cleared Otherwise 

y pees (Sign Bit) e Not Affected 
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Table 2-7 Instruction Set (Continued) 








Addressing Modes Condition Code 
Mnemonic Indexed Bit Bit 
in| is |e | tie |e geass | 
a a eS a a (ae ee a ee es PS Ee 
a a a eT a ae ee a ee ae Es 
ea a a! een (Gea ie (eee eee (ns SO ee 
== Aa (eee (ene ceeemiers (Rea (eRe (ieee De (ee ee Ce 
BSR Te EEN AIR UE Ici na Ieee EE SO Ge ECHR ° 
cic | x | pape fp fp 0 
Ta (Re ee a ae (es eee ee es ee ee 
EF see ne ee sg ie a fen td | Le 
cmp | | xe tT x Te Te ee fe fe AAA 
a A (Es (a a see 
Pn ee AA 
aa Ee (I a a Ee ee ee ee CE 
EOR a ee A |e 
i aa eR A | eae a |i a a 
i] pen (Resin ect ES, ey (eee es ON Oe yk ee, ee Oe ee SE IC 
Te (ES (Ge a De ee ee ee 
Ba SONA 
LDX es ee ee ee ee ee es ee a 
LSL SE ee rae AIA 
a ae ee ee ee ee ee ee es 
Sa ae a ee (RE ee ee ee 
NOP eee : 
ora | | x | —— ici ae a ee Ce 
ROG eee ee eee ee Ce 
ROR ee A [A 
i le Se: Se Pe a FR SR a ee a ee ee 
RT! a ae 
1 as (ER a (NE Sa ee a 
SBC at Bt i. AIA 
sc] «| | || ||. || _le [ee fe fr 
si |» || | || | |_| | _le |v Je |e |e 
A A EO RS a HEY a 
“sx | | [*«)*) fry. t. — [| lefeir 
a I CNN 
Swi ob Pe eee Ee 
ci-<, a cee (ne i ae eee Se See OSCR OC 
a CC 
i ee Ee Rs I EE 
Symbols for condition code: 
H = Half Carry (From Bit 3) C  Carry/Borrow 
{ interrupt Mask /\ _ Test and Set if True, Cleared Otherwise 
N Negative (Sign Bit) e Not Affected 
2 Zero ? Load CC Register From Stack 
@ HITACHI 
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Table | 2-8 OP Code Map 


Bit Manipulation Read/Modify/Write Control 
gront | Sew | ret [orm | a | x | xr | xo | me | im | wm | ov xo 
Pa ot et Pats toe Pes te Pate Pe Poe | Ff enicn 


























0 | BRSETO PRT | - SUB 0 
2|BRSET1 | BSET? | BHI | | - | - | SBC 2 
3 COM swit | - CPX 3 L 
4 pecc | CCRC“ (Cd KU CT AND 4 0 
siercun2|ectr2i{ecs |  -  t—“<—~*i‘“‘sé‘~sTC-:=SCédLC -=SC*”? BIT 5 W 
ene| non LDA 
7 BEQ ASR | - [tax | - | STA (+1) 7 
8 |BRSET4 BHcc] si“ ‘se tsvASL CCCC‘L:C SSCs ut’ 8 
9 pctr4|BHcs| (ROL ($C CTC _—=* SEC ADC 9 
A | BRSETS DEC CL A 
8 acias [emi _ : = ADD 5 
Cc BSET6 INC Pee | = JMP(—1) c 
D BCLR6 | BMS TST | — | NOP | D 
e | BRSET7 BIL = Se fee | E 
F/BRCLR7 | BCLR7 | BIH | CLR | — | TxA F 


2/4 2/4 | at v3 | ove | 


. “—'* ig an undefined operation code. 
2. The figure in the lowest row of each column gives the number of bytes and the cycles needed for the instruction. 
The number of cycles for the asterisked (*) mnemonics is a follows: 

RTI 7 





t 
RTS 4 
Swi 9 
BSR 4 


4. If the instruction is branched, the cycle count is the larger figure. 
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Executable Instruction 
3.1 Symbol and Abbreviation 
Shown below are the meanings of symbols and abbreviations. 


(1) 


(2) 


(3) 


Operation 

( ): contents 

¢: movement direction 
+: addition 


-: subtraction 
A: AND 
V: OR 


(4): Exclusive OR 


x: NOT 

Register symbols in MPU 

ACCA: accumulator A 

CCR: condition codes register 

IX: index register, 8 bits 

PC: program counter, 12 bits 

PCH: upper three bits of program counter 
PCL: lower eight bits of program counter 
SP: stack pointer, 5 bits 

Memory and addressing codes 

M: stored address 

MH: upper eight bits of stored address 
ML: lower eight bits of stored address 
M+l: stored address M plus l 


Msp: stored address indicated by stack pointer 





Imm: immediate value 

Disp: displacement value = M - (IX) 

D: displacement value = M - (IX) 

DH: displacement value = upper eight bits 

DL: displacement value = lower eight bits 

Rel: relative value 

IMPLIED: implied addressing 

RELATIVE: relative addressing 

ACCUMULATOR: accumulator addressing 

INDEX REG.: index register addressing 

IMMEDIATE: immediate addressing 

DIRECT: direct addressing 

EXTENDED: extended addressing 

INDEXED 0 BYTE OFFSET: indexed addressing 0 byte offset 
INDEXED 1 BYTE OFFSET: indexed addressing 1 byte offset 
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(4) 


(5) 


(6) 


(7) 


(8) 
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INDEXED 2 BYTE OFFSET: indexed addressing 2 byte offset 
EA: effective address 


Contents of bits 0 through 4 of condition codes register 


C: carry - borrow bit 0 
Z: zero bit l 
N: negative bit 2 
I: interruption mask bit 3 
H: half carry from bit 3 to bit 4 bit 4 


Status of each bit before execution of instruction 

An: bit n of ACCA (n = 7, 6, 5, «++, O) 

Mn: bit n of M (n = 7, 6, 5, «2-0, O) 

Xn: bit n of IX (n= 7, 6, 5, .---, 0) 

Status of each bit on result after execution of instruction 

Rn: bit n of result (n = 7, 6, 5, ...., 0) 

Symbols on instruction's format 

P: each addressing mode on Immediate, Direct, Extended 
and index of 0, 1 and 2 byte offset 

Q: each addressing mode on Direct and index of 0 and 1 byte 
offset 

A: accumulator addressing mode 

X: index register addressing mode 

DR: direct addressing mode © 

dd: relative operand (8 bits) 

n: bit n of memory (n = 7, 6, 5, ...+-, O) 

Status of HD63L05'S interruption pin | 


INT: status of interruption pin (high, low) 
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3.2 Executable Instruction Arithmetic Operation 


ADC P : Set if there is a carry from 
bit 3, otherwise cleared. 


Unaffected. 

Set if the most significant bit 
of the result is set; otherwise 
cleared. 

Set if the result is 03; otherwise 
cleared. 

Set if there was a carry from the 
most significant bit of the 
result; otherwise cleared. 


ACCA <« (ACCA) + (M) + (C) 






Description 


Adds the contents of the carry bit C to the sum of the contents of ACCA 
and M, and stores the result into ACCA. 





, Addressing Mode and Number of CPU Cycles 


Addressing | | Operand 


Mode 1 type Byte 1 | Byte 25 Byte 3] bytes 
DIRECT 


M 

[ae fe fs ot 
X 
SD 





| apc fo, x | ro 





VAL2 


EXVAL6 
EXVAL6 
VAL1 

EXVAL5 
EXVAL5 


(EXVAL5, EXVAL6)+(VAL1, VAL2) 
ae =(EXVAL5, EXVAL6) 
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Arithmetic Operation. 


| - ADD (ADD without carry) | | 



















Set if there is a carry from 

bit 3; otherwise cleared. 

I: Unaffected. 

N: Set if the significant bit of the 
result is "1"; otherwise cleared. 

Z: Set if the result is "0"; other- 
wise cleared. 

C: Set if there is a carry from the 
most significant bit d¢ the , 

result; otherwise cleared. _ 


Format 
ADD P 


ACCA « (ACCA) + (M) 






Description 


Adds the ACCA contents to the M contents and stores the result into ACCA. 





Addressing Mode and Number of CPU Cycles 




























1 - , 
Byte 1 | Byte a Byte 3 bytes 
ADD #Tmm 
DD 
' 
| 


Operand 


Addressing Tee eee 
type 


Mode 


IMMEDIATE 
DIRECT : 
EXTENDED 


INDEXED Q 


pb; 


B 


& = 


IB IB IB 
o 

= 

>< re 


INDEXED 1 BYTE 


ADD 
ADD 


NDEXED 2 BYTE 
OFFSET 


wn 
uc) 
rm 
o 
bo 
o 
2) 
o 
re 








LDA VAL1 (VAL1)+(WORK)=(RESULT ) 
ADD WORK * 
STA RESULT 5 
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ACCA < (ACCA) A (M) 


Description 





Logical Operation 


Unaffected 

Unaffected 

Set if the most significant bit of 
the result is "1"; otherwise 
cleared. 

Set if the result is "0" otherwise 
cleared. 

Unaffected 


Performs logical AND between the ACCA contents and M contents, and stores 
the result into ACCA. 





| Addressing Mode and Number of CPU Cycles 


Addressing 


Mode 


[INDEXED 1 BYTE 
OFFS 


aan ad 


Mnemonic | Operand 


type 


# Imm 


1 
i] 
AND! O,X 


i] 

AND : Disp,X 
t 

AND ; Disp, 


AND 





0,X ERASE UPPER 4 BITS 
#$0F * | 
0X (RESTORE ) 

X * 

LOOP * 
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Shift and Rotation 


ASL (Arithmetic Shift Left) 


Condition Codes 











H: Unaffected 
I: Unaffected 
N: Set if the most significant bit of 


the result is "1"; otherwise 





cleared. 
Z: Set if the result is "0"; otherwise 
cleared. 





C: Set if the most significant bit 
is "1", otherwise cleared. 


Description 


Shifts the contents of ACCA, IX or M one bit to the left. The bit 0 is 
loaded with "0". The carry bit C is loaded with the bit 7 of ACCA, IX 
or M. 





Addressing Mode and Number of CPU Cycles 
| operand 
type Byte l i Byte 2: Byte 3] bytes 


48 


















Addressing 
Mode 





Mnemonic 









ACCUMULATOR 
INDEX REG. 


DIRECT 
[INDEXED 0 BYTE 


0) 
INDEXED 1 BYTE 
ASL 


> 
oP) 
mr 


> |> 
mim 
rite 
re [pe [> 
Ww FUr 
CO }|0O 


> 
wn 
m 
© 
rae 
| 


7 


oO 
pws 
5) 

ae 
ON 
co 
o 





WORK 
CHECK ASL A BRANCH FOLLOWING BIT 
BCS BITON * 7-6-5-4-3-2-1-0 
; | 


BITOFF EQU 
LDX #100 





€ HITACHI 
296 









Shift and Rotation 


ASR (Arithmetic Shift Right) 
Condition Codes 


Unaffected 
: Unaffected 

N: Set if the most significant bit of 
the result is "1"; otherwise 





















Z: Set if the result is "0"; otherwise 
cleared. 


C: Set if the least significant bit 
is "1" before a shift; otherwise 
cleared. 


Description 


Shifts the contents of ACCA, IX or M one bit to the right. The bit 7 is 
unaffected. The bit 0 is loaded into the carry bit C. 





Addressing Mode and Number of CPU Cycles 
Addressing 
Mode y B ' Byte 24 Byte 3 bytes 


DIRECT 


2) 


e ‘ 
NDEXED BY 
OF FSET 


Es OCS a Dg 


> 
Sp) 
y*) 
0 
pe 
re 





ASR WORK BRANCH OPTION (KEEPING BIT7) 


BCS OPTO 
ASR WORK 
BCS OPTI 
ASR WORK 
BCS OPT2 
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Conditional Branch 





Condition Codes 


Unaffected. 











PC < (PC)+0002+Rel if (C)=0 






Description 


Tests the state of the C bit and causes a branch if it is "0". 
If branched, this instruction requires 3 cycles. 













Addressing 
Mode 


RELATIVE > 


enone! Operand 


3 type 





EXVAL6 
NORMAL KETA AGARI NASHI 


X  KETA AGARI 
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Bit Control 
BCLR 


BCLR (Bit CLeaR bit n) 
[ Format | Condition Codes 


Unaffected. 









Description 


Clears the bit n (n = O through 7) of M. The other bits are unaffected. 





Addressing Mode and Number of CPU Cycles 
Addressing Masmante Operand 
Mode type ' Byte a Byte 3] bytes 








DIRECT 
DIRECT 
DIRECT 


= | 
CNTRL ** MAKE CONTROL CODE ** 








#$F0 * 
WORK 7 
CNTRL * 
O,CNTRL CLEAR BIT 0,6,7 ABSOLUTELY 


6 ,CNTRL 
7,CNTRL 
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: Conditional Branch sg 


ed 





Condition Cades 









Unaffected 







PC « (PC)+0002+Rel if (C)=1 


Description 


Tests the state of the C bit and causes a branch if it is "1". 
If branched, this instruction requires 3 cycles. 








Addressing Mode and Number of CPU Cycles : 7 


| Mode 


of 
Byte 1 ' Byte 2 : Byte 3| bytes 
RELATIVE — : 


25 










, Operand Number 


type 






: 
o 
aay 


BCS e 





EXVAL6 
ABNML KETA AGARI 


EXVAL6 KETA AGARI NASHI 
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Conditional Branch 


BEQ (Branch of EQual) 










Format Condition Codes 
BEQ dd Unaffected. 


PC + (PC)+0002+Rel if (Z)=1 






Description 


Tests the state of the Z bit and causes a branch if it is "1". 
If branched, this instruction requires 3 cycles. 


Addressing Mode and Number of CPU Cycles | 
; operand 


Mnemonic : : 
ype Byte l ' Byte 2 1 Byte 3 bytes 
RELATIVE BEQ__} Rel 


Addressing 








RESULT 
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BHCC 










| ~ Conditional Branch | 


wo 
a) 
'@) 
Q 
“~~ 
ow 
wy 
fo 
3 
re) 
~~ 
= 
Fh 
feo) 
8) 
an 
rh 
2) 
re) 
My 
| 
< 
© 
pt 
(') 
ry) 
ry 
ww 





Condition Codes ; 


Unaffected 


BHCC dd 













PC + (PC)+0002+Rel if (H)=0 


Description 


Tests the state of the H bit and causes a branch if it is "0". 
If branched, this instruction requires 3 cycles. 


Addressing Mode and Number of CPU Cycles | 
| 4 Instruction code | Number 
Mnemonic | Operand of | 
Byte l | Byte 2 . Byte 3] bytes 


type 
1 ' 


RELATIVE BHCC ' Rel 28 ' Rel 


Addressing 




















—#$9 | 
BLS —  DAALOW $99 ---> INPUT 

DAAH6 ~=LDX #$60 HIGH NYBLE NEEDS CORRECTION 

* 






DAALOW DAAL9 
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Conditional Branch 
BHCS 


BHCS (Branch if Half Carry Set) 










Format Condition Codes 
BHCS dd Unaffected. 


PC « (PC)+0002+Rel if (H)=1 






Description 


Tests the state of the H bit and causes a branch if it is l. 
If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 
: Operand 
L) 


Mnemonic . 
Byte 1 ‘Byte 2 1 Byte 3] bytes 
RELATIVE BHCS « Rel 29. 





Addressing 


DAALW1 $99 ---> INPUT 
DAAH7 LDX #$60 HIGH NYBLE NEEDS CORRECTION 
* 


DAALW1 BHCS DAAL6 
NAD #$F 
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| Conditional Branch 








Condition Codes 


Unaffected. 





PC + (PC)+0002+Rel if (C V Z)=0 
i.e. if (ACCA) > (M) 
(unsigned binary numbers) 








Description 


Causes a branch if both bit C and bit Z are "0". 

If the BHI instruction is executed immediately after execution of either of 
the instructions CMP or SUB, the branch will occur only if the unsigned 
binary number represented by the minuend (i.e. ACCA) was greater than the 
unsigned binary number represented by the subtrahend (i.e. M). 

This instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 


Addressing icasaies 
§ 
§ 


VAL2 
ZIP25 VALIT > VAL2 (IGNORE SIGN BIT) 


WORK VAL1 --> WORK (LOWER OR SAME) 
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Conditional Branch 


BHS (Branch if Higher or Same) 
Condition Codes 


Unaffected. 















Format 
BHS dd 


PC « (PC)+0002+Rel if (C)=0 






Description 


Following to an unsigned compare or subtract, BHS will cause a branch if 
the register is higher than or the same as the location in M. 
If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 
; Operand nee eee 
‘ 


i EYPe Byte 1 | Byte 2: Byte 3] bytes 
RELATIVE BHSt_Rel 













Addressing 



















VAL2 
ZIP26 VAL1 >= VAL2 IGNORE SIGN BIT 


WORK VAL1 ---> WORK (LOWER) 
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Conditional Branch © 


1} Condition Codes 


Unaffected. 





PC + (PC)+0002+Rel if INT=1 (high) 






Description 


Tests the state of the external interrupt pin (INT) and causes a branch 
if it is high. 


If branched, this instruction requires 3 cycles. 








eocteceins Mode and Number of CPU Cycles 


“addressing Mnemonic |: Sa of of CPU 
yP Byte 1 | Byte 2 : Byte 3 we cycles 
RELATIVE 1 Rel | 










= = INT LINE CHECK 
OUTPUT DATA = $28 


QUTPUT DATA = $FF 


OUTPUT | 
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Conditional Branch 





Format Condition Codes 
BIL dd Unaffected. 


PC < (PC)+0002+Rel if INT=0 (low) 


Description 


Tests the state of the external interrupt pin and causes a branch if it is 
low. 


If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 


: operand 


Mnemonic : : 
Byte 1 ' Byte 2 1 Byte 3] bytes 
RELATIVE BIL | Rel 2E 


Addressing 


Example 


INT LINE CHECK 
QUTPUT DATA = $45 


OUTPUT DATA = $00 
OUTPUT 
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Logical Operation oe | 


BIT (BIt Test) 





Condition Codes 





|H: Unaffected. 
I: Unaffected 
N: Set if the most significant bit of 





the result of the AND is "1"; 
otherwise cleared. 

Z: Set if all the bits of the result 
of the AND are "0"; otherwise 
cleared. 

Unaffected. 







(ACCA) A (M) 



















Description 


Performs the logical AND operation of the ACCA contents and the M contents 
and modifies the respective condition codes. The contents of ACCA and 
M are unaffected. 






















Addressing ane oe Operand [| Instruction code | ae 
sachs type Byte 1 ' Byte 2: Byte 3 bytes 





: 


BIT Imm A5 


T 
T 
T 


IMMEDIATE 


DIRECT 
EXTENDED 


EXED O BY 


to 
a 2 
i 
0 | 
Ur in 
= |= 
aan 





mw iW 
| ete 
i 

bry 

.o,) 


! 
lad 


DEXED BY T 
OFFSET 








a 
a | 
Oo © 
pole 
oO 
uw 
o 
i 
oO 
cS 


sp,X_ 













. : VALI | 


#$F8 | 
OK O = BIT ASSIGN (VAL1) <=7 


#227 SET ERROR NUMBER 
ERROR 
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Conditional Branch 






Format Condition Codes 
BLO dd Unaffected. 


PC < (PC)+0002+Rel if (C)=1 






Description 


Following to a compare, BLO will cause a branch if the register is lower 
than the memory location. 

Equivalent to the BCS executable instruction. 

If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 
' Operand es ee 


Mnemonic 1: " 
eS Byte 1 ' Byte 2 1 Byte 3] bytes 
RELATIVE BLO el 25 





Addressing 
| BLO | Rel __ 
t 


VAL2 | 
ZIP27 VAL1 < VAL2 (IGNORE SIGN BIT) , 


WORK VAL1 --> WORK HIGHER OR SAME 





HITACHI 


















Conditional Branch 


BLS (Branch if Power or Same) 
Condition Codes 


Unaffected. 












| Operation | 


PC + (PC)+0002+Rel if (C V Z)=1 
i.e. if (ACCA) < (M) 





| Description 


Causes a branch if either C or Z is "1". 

If the BLS instruction is executed immediately after execution of either of 
the instructions CMP or SUB, the branch will occur only if the unsigned 
binary number represented by the minuend (i.e. ACCA) is less than or equal 
to the unsigned binary number represented by the subtrahend (i.e. M). 


If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 


3 
Mnemonic une aaae 
: ype Byte 1! Byte 2 | Byte 3] bytes 


Addressing 


VAL2 
ZIP28 VAL1 <= VAL2 IGNORE SIGN BIT 


WORK VAL1 ---> WORK (HIGHER) 
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BMC 


BMC (Branch if interrupt Mask is Clear) 


Conditional Branch 


PC <« (PC)+0002+Rel if (1)=0 


Description 


Condition Codes 


Unaffected. 





Tests the state of the I bit and causes a branch if I is "O". 


If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles | 





Addressing Mnemonic : 


Operand 


: type 


RELATIVE BMC t Rel 


BIL 
LDA 
STA 
MSKOFF RTS 








MSKOFF 
MSKOFF 
PIA 
WORK 


Number 
es 


° 
Byte 1 ' Byte 2: Byte 3 byt 
C 


INTMSK OFF? 
INT LINE LOW? 
READ DATA 
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Conditional i 


BML (Branch if MInus) 
Fo Condition Codes 


Unaffected. 





i 






BMI dd 


PC « (PC)+0002+Rel if (N)=1 












| Description 


Tests the state of the N bit, and causes a branch if N is "1". 


If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 





tncusaiet . 
3 ype Byte 1 ' Byte 2 1 Byte 3 bytes 
RELATIVE 2B} Rel | 


Addressing 










LDA VALI 
BMI ZIP29 VAL! < 0 


STA WORK VAL ---> WORK (PLUS) 
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Conditional Branch 









Format Condition Codes 
BMS dd Unaffected. 


PC + (PC+0002+Rel if (I)=1 


Description 


Tests the state of the I bit and causes a branch if I is "1". 
If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 
' operand 


Mnemonic | : 3 
; JRE Byte 1 : Byte 2 1 Byte 3} by 
| RELATIVE | BMS | Rel 2D + Rel ! 


Addressing 


MSKON1 INTMSK ON? 
MSKOF 1] NO 
MSKON] MSKOF 1] INT LINE LOW? 
PIA DATA 
WORK 
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Conditional Branch 





Condition Codes 


Unaffected. 





PC « (PC)+0002+Rel if (Z)=0 


Description | 


Tests the state of the Z bit and causes a branch if Z is "0". 
Following to a compare or subtract instruction, BNE will cause a branch 
if the contents are different. 


If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles 
Addressing ' Operand 


| 
, type Byte l ' Byte 2 1 Byte 3 bytes 
RELATIVE BNE ! Rel 26! Rel | 








CccCc WORK NOT 
RESULT 
DDDD WORK NOT = RESULT 
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Conditional Branch 


BPL (Branch if PLus) 










Format Condition Codes 
BPL dd Unaffected. 


PC + (PC)+0002+Rel if (N)=0 






Description 


Tests the state of the N bit, and causes a branch if N is "0". 
If branched, this instruction requires 3 cycles. 





Addressing Mode and Number of CPU Cycles | 


Mnemonic | . ; 
eee Byte 1 ' Byte 2 1 Byte 3] bytes 
RELATIVE BPL | Rel 2A: Rel | 


Addressing 


LDA VAL] 
BPL ZIP31 VAL >= 0 


STA WORK VAL1 ---> WORK (MINUS) 





315 














Unconditional Branch 


BRA 





Condition Codes 


Unaffected. 










PC « (PC)+0002+Rel 


Description | 


Causes an unconditional branch to the address given by the above expression. 





| Addressing Mode and Number of CPU Cycles 
(] 
t 


of CPU 
Byte 1 ' Byte 2 . Byte 3} bytes 
0 


¢ 
RELATIVE BRA {Rel 





[sno 


* 


CHECK8 EQU * 


EXVAL5 
STA RESULT | 
BRA ENDO] BRANCH TO ENDO? ALWAYS 
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Conditional Branch 
BRCLR 


BRCLR (BRanch if bit n is CLeaR) 
Condition Codes 















H: Unaffected. 
BRCLR n, DR, dd I: Unaffected. 
N: Unaffected. 
Z: Unaffected. 
C: Set if (Mn)=1; otherwise cleared. 


PC <« (PC)+0003+Rel if (Mn)=0 







Description 


Tests the bit n (n = 0 through 7) of M and causes a branch if the ‘Mn 
contents are Q. 
If branched, each instruction requires 5 cycles. 





Addressing Mode and Number of CPU Cycles 




















Addressing : Operand 


; yte 1 ' Byte 2 yte 3] bytes 
RELATIVE M Rel 
RELATIVE 1 
RELATIVE 
RELATIVE 1 

RELATI' 1 

5M, 1 

R 

9 









elxjzi=eie|<|x 


01 
03 R 
05 R 
07 
09 









| 


RELATIVE BRCLR !5,M,Rel OB 
RELATIVE BRCLR '6,M,Rel 0 1 
RELATIVE BRCLR '7,M,Rel OF 


—] 
g y 


nw 
@ 
- 








LDA CNTRL ** SET CONTROL CODE ** 
AND #$0F 
ORA WORK 
STA CNTRL 
e ** ACTION ** 


BRCLR 4,CNTRL,ENGINE 
BRCLR 7,CNTRL,GASCHK 
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Unconditional Branch 





Condition Codes 


Unaffected. 






PC <« (PC)+0002 


Description 


BRN is included here to demonstrate the nature of branches on the HD63L05 MCU. 
Each branch is matched with an inverse that varies only in the least 
significant bit of the opcode. BRN is the inverse of BRA. This 

instruction may have some use during program debugging. 





| | Addressing Mode and Number of CPU Cycles 
Addressing : 
1 ty 


i Byte l i Byte 21 Byte 3| bytes 
RELATIVE BRN :Rel 21 +: Rel ! 


*® DELAY ** 
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Conditional Branch 
BRSET 


BRSET (BRanch if bit n is SET) 


Condition Codes 


Unaffected. 
Unaffected. 
Unaffected. 
Unaffected. 
Set if (Mn)=1; otherwise cleared. 













BRSET n, DR, dd 


PC <« (PC)+0003+Rel if (Mn)=1 







ON AH 














Tests the bit n (mn = QO through 7) of M, and causes a branch if the 
Mn contents are "1". 


If branched, each instruction requires 5 cycles. 


Addressing Mode and Number of CPU Cycles | | 


Instruction code | 


) Pape Byte 1 ' Byte 2 1 Byte 3] bytes 
1 
RELATIVE __ BRSET | 0,M,Rel oO : M ! Rel 
| RELATIVE BRSET '1,M,Rel 02 | i Rel | 3 | 
RELATIVE BRSET !2,M,Rel 04 } / Rel | 3 | 
RELATIVE BRSET '3,M,Rel 06 ! i Rel ed 
| ae eee 
! ! ee ha 
! 














Operand 


Addressing Mnemonic : 


Mode 














M 

: M 

‘ M 

RELATIVE BRSET '4,M,Rel 08 M Rel 

( 

RELATIVE BRSET !5,M,Rel OA M Rel 

RELATIVE BRSET !6,M,Rel 0c M Rel |. 
BRSET :7,M,Rel OE M 





RELATIVE 





LDA CNTRL_-~=—s ** SET CONTROL CODE ** 
AND — #$8E 
ORA WORK 
STA CNTRL 
** ACTION ** 


BRSET 0O,CNTRL, OIL 
BRSET 7,CNTRL, GAS 

























Bit Control 7 
| BSET | | 


| BSET (Bit SET bit n) | 
; Condition Codes 


Unaffected. 





BSET n, DR 








Description 


Sets the bit n (n = O through 7) of M. All other bits are unaffected. 


/ 





| Addressing Mode and Number of CPU Cycles 
Addressing | 
Mode ' Byte 23 Byte 3 bytes 


RESULT 
PLUS 


2 ,CNTRL 
BSET 3, WORK 
PLUS EQU * 
LDA VAL2 
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Subroutine Control 






Condition Codes 


Unaffected. 


(PC) +0002 
(PCL), SP « (SP)-0001 
(PCH), SP + (SP)-0001 
(PC)+Rel 


Description 


The program counter is increased by "2". The less significant byte of the 
contents of the program counter is pushed onto the stack. The stack pointer 
is then decreased by "1". The more significant byte of the contents of the 
program counter is then pushed onto the stack. Unused bits in the Program 
Counter high byte are stored as 1's on the stack. The stack pointer is 

again decreased by "1". A branch then occurs to the address specified by 
the program counter. 


Addressing Mode and Number of CPU Cycles 
es 
Byte 1 | Byte 25 Byte 3] bytes 




















Number 


Addr i 
Gace of CPU 


Operand 
type 





INTERFACE(0011 1011) 


INTERFACE(0001 1110) 
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| Bit Control | | | 
| ACLS. | 
7 CLC (CLear Carry) | - 
: Condition Codes 











H: Unaffected. 
I: Unaffected. 
|N: Unaffected. 
|Z: Unaffected. 
C: Cleared. 





| Description 


Clears the carry bit C in the condition code register. 


| betuone: Operand 


3 type 





RESULT 


RETURN CODE SET 'OK' 
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Bit Control | 







Condition Codes 


Unaffected. 
Cleared. 

Unaffected. 
Unaffected. 
Unaffected. 


ON AH 





Description 


Clears the interruption mask bit in the processor condition code register. 
This enables the MCU to service interruptions. Interruptions that were 
pending while the I bit was set will now begin to have effect. 





Addressing Mode and Number of CPU Cycles 


Byte 1 ' Byte 2 1 Byte 3] bytes 


INTERRUPT DISABLE 

RESET STACK POINTER 
SYSINZ SYSTEM INITIALIZE 

INTERRUPT ENABLE 
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fi _ Arithmetic Operation _ | 










7 Condition Codes 









1H: Unaffected 
I: Unaffected. 
N: Cleared. 
|Z: Set. 
C: Unaffected. 


or 
ACCA + 0 
or 
M< 0 
















| Description 


The contents of IX, ACCA or M are replaced with "0". 


















Addressing 
Mode 
ACCUMULATOR 


INDEX REG. CLR X 
| a8 SNA 








anes Operand 


type 





| ~~! FUL EU 

oe cs A dr 3 

a 
THEE 
TL EERE 


—<o- 
| INITIALIZE ** 
PNTR | 
PNTR+] 


0,X 
A 
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Comparison and Test 





CMP (CoMPare) 


Format 





Condition Codes 


H: Unaffected. 

I: Unaffected. 

N: Set if the most significant bit 
of the result of the subtraction 
is "1"; otherwise cleared. 

Z: Set if the result of the subtrac- 
tion is "0"; otherwise cleared. 

C: Set if the absolute value of 
memory is greater than the 

absolute value of the accumulator; 

otherwise cleared. 












CMP P 


Operation 


(ACCA) - (M) 


Description 


Compares the ACCA contents and the M contents, then sets the condition 
codes which may then be used for controlling the conditional branches. 
Both operands are unaffected. 





Addressing Mode and Number of CPU Cycles 





Addressing Maenonte Operand si ergo 
Mode Byte 1 | Byte 2 1 Byte 3 bytes cycles 














Logical Operation | : - 













Unaffected. 

Unaffected. 

Set if the most significant bit | 

of the result is "1"; otherwise 

cleared. 

Z: Set if the result is "0"; other- 
wise cleared. 

Set. 














IX <« (TX) = SFF-(1X) 









or 

ACCA + (ACCA) = SFF~(ACCA) 
or 

M <«(M) = SFF-(M) 





Description 


Replaces the contents of ACCA, IX or M with its 1's complement. 














Addressing 
Mode 


ACCUMULATOR } 
INDEX REG. [ee 
DIRECT 
aa 0 BYTE § 

INDEXED 1 BYTE ‘ 
be 






Wo 
Wo 
a 


ON wi 

Wo Lo 

oO 
Tbe REE | 


~~ 
Lo 









PNTR, X oe 
A MODIFY DATA (REVERSE) 
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| Comparison and Test 


CPX (ComPare indeX register) 


Condition Codes 










H: Unaffected. 
I: Unaffected. 
N: Set if the most significant bit 






of the result is "1"; otherwise 
cleared. 
Z: Set if the result is "0"; other- 
wise cleared. 
C: Set if the absolute value of the 
contents of the memory is greater 
than the absolute value of the 
contents of IX; otherwise cleared. 






Format 
CPX P 


(TX) -(™) 








Description 


Compares the IX contents with M contents. The condition code can be 
collated by means of the next conditional branch instruction. Both 
operands are unaffected. 





Addressing Mode and Number of CPU Cycles 






















ue Macusate. ia ) 3 
ose a Byte 1 ' Byte 2 1 Byte 3} bytes 
IMMEDIATE CPx} #Imm 
DIRECT cPX | M B3 








X 
X 


Q};a 
rd | td 
t 
mio 
Ww] 
BS <4 
a 


EXTENDED 


DEXED 0 BYTE 
OFrrsk 
NDEXED 1 
OFFSET CPX 
INDEXED 2 BYTE 

OFFSET X 


X 
sp,X 


Oo |o 
ws 
n 
ae] 


oO 
rg 
+ 


- 
een 


: 
Wo 
og 
mm 
oO 
re 







i 
Ww 
o 
| EI {+ = 





ACCA = INTERFACE TO CR OR LF 


CARRIAGE RETURN 


LINE FEED 











Arithmetic Operation 









IX + (1IX)-01 
or 

ACCA « (ACCA)-O1 
or 

M <« (M)-O1 












| | DEC (DECrement) | - | 
Condition Codes 


ZH ye 


Unaffected. 

Unaffected. 

Set if the most significant bit of 
the result is "1"; otherwise 
cleared. 

Set if the result is "0"; other- 
wise cleared. 

Unaffected 


Subtracts "1" from the contents of ACCA, IX or M. 
N and Z bits are set and reset according to the result of this operation. 


C bit is unaffected by this operation. 


Addressing 
Mode 


DIRECT 
NDEXED 0 BYTE 


** MOVE ** 


LOOP23 DEC A 


BMI = NEXT 
LDX 0Q,X 


STX  $100,X 
INC X 
BRA = LOOP23 








EQU * 
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Logical Operation 


Unaffected. 

Unaffected. 

Set if the most significant bit 

of the result is "1"; otherwise 

cleared. 

Set if the result is "0"; other- 
wise cleared. 


ACCA + (ACCA) @ (M) Unaffected. 


Description 


Performs the logical EXCLUSIVE OR between the ACCA contents and M contents 
and stores the result into ACCA. 





Addressing Mode and Number of CPU Cycles 
Addressing | Operand 


Mod Mnemonic 
oes Byte 1 ' Byte 2 1 Byte 3] pytes 

IMMEDIATE BOR} #Inm 

DIRECT | por i mM | Be} om 

EXTENDED EOR 

INDEXFD 0 BYTE 

INDEXED 1 BY 

lopser | OR Ds 


NDEXED BYTE 





H+ ARRANGE CONTROL CODE ** 


CNTRL XXXX XXXX 
#$99 1001 1001 
CNTRL 
ACTO1 
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Arithmetic Operation | 


INC (INCrement) 


Condition Codes 


H: Unaffected. 

I: Unaffected. 

N: Set if the most significant bit 
of the result is "1"; otherwise 
cleared. 

Z: Set if the result is "0"; other- 
wise cleared. 

Unaffected. 











IX « (1X)+01 
or 

ACCA « (ACCA)+01 
or 

M <« (M)+01 


Description 


Adds "1" to the contents of ACCA, IX or M. 
N and Z bits are set or reset according to the result of this operation. 
The C bit is not affected by this operation. 











Addressing Mode and Number of CPU Cycles 


Opera near 
Se ac bytes 
S ciamaastansion Rorwnateusnaaledtos 

Ee KOEN HANA RIVE ee! 

PERE ASK ON AE EA 


CMP #100 | | 
BHI EXIT CHECK COUNTER (100 TIMES) 
LDX 0.x 

STX  $300,X_ = MOVE 

INC X * 

BRA LOOP3 
















Number 
of CPU 
cycles 









Addressing 


Mode Mnemonic 


rt Oo 
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MP ; 

MP 
|CINDEXED 0 BYTE ’ 

MP : ox 

Mp! 

MP! 









Conditional Branch 


Condition Codes 


Unaffected. 








JMP (JuMP) 


Format 


JMP P 


Operation 


Description 


A jump occurs to the instruction stored at the effective address. The 
effective address is obtained according to the rules for EXTended, 
DIRect or INDexed addressing. 





Addressing Mode and Number of CPU Cycles 
Instruction code ee 
O 
Byte l | Byte 2 Byte 3] bytes 


BC 











Mnemonic : Operand 


type 


DIRECT 
EXTENDED 
J 









Addressing 
Mode 












tH 
© 
oO 
TL EERE 


a 

o) 

= 4 

B 
TL REE EE 


| 
-) 


() 

INDEXED 1 BYTE 

INDEXED BYTE 

OF} J Disp,X 


VAL] 


EXVAL5 
VAL2 
EXVAL6 


—) 
?) 
oO 
mo 
oO 
c 





END90 DO TO END-ROUTINE 
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Subroutine Control | 


Condition Codes 


Unaffected. 









(pc) +n? 


(PCL), SP « (SP)~-0001 
(PCH), SP « (SP)-0001 
EA 





Note 
The program counter is increased by n ) depending on the addressing 


mode, then pushed onto the 2-byte stack. And the stack point is updated. 
A jump occurs to the instruction stored at the effective address. 

The effective address is obtained according to the rules for EXTended, 
DIRect or INDexed addressing. 


Note) n is equal to 1, 2 or 3, depending on the number of bytes in the 
instruction code. Refer to the addressing code and the number of 
MPU cycles shown below. 






Addressing 1 Operand 
Mode | ty Byte l i Byte 2 ; Byte 3 bytes 


DIRECT 
EXTENDED 

2 eee ES ee 
OFFSET JSR ‘ X 
NDEXED : 
OFFSET 


INDEXED 2 BYTE 
OFFSET 





| : ** MAIN ROUTINE ** 


START EQU ~ 
JSR INTRTIN INITIALIZE 
JSR ——-KBRTN INPUT FROM KEY-BOAR 
JSR = ANARTN = ANALYSE | 
JSR PRCRTN PROCESS 
JMP ENDRTN END 
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Load & Store 


Condition Codes 


: Unaffected. 
I: Unaffected. 
N: Set if the most significant bit 
of the result is "1"; otherwise 
cleared. 

Z: Set if the result is "0"; other- 
wise cleared. 

Unaffected. 










LDA (LoaD Accumulator) 


Format 






LDA P 








ACCA + (M) 








Description 


Loads the M contents into the accumulator. 





Addressing Mode and Number of CPU Cycles 




















Byte 1 i Byte 2 : Byte 3 bytes 


A6 






Operand 
type 


Addressing 
Mode 





Mnemonic | 





| IMMEDIATE 
DIRECT 


EXTENDED 
[INDEXED 0 BYTE 


DA 
A 


te 
mis 
| 
et 
E 


C 
=) 
> 

ae 
OQ jw 
oe on 
= = 
5 


= 
oO 


rj 
oO 


tr 
oO 
> 


pe iv) 
”n 


0 LDA 
XE 
A 


X 
X 





c. 
=) 
oO |o 
ws 
=] 
oO 
oO 
m 
=) 
aay 


n 










= 
ee 
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| Load & Store 


LDX 





: LDX (LoaD indeX register) 


Condition Codes 


H: Unaffected. 
I: Unaffected. 
N: Set if the most significant bit 
of IX is "1"; otherwise cleared. 
Z: Set if all bits of IX of the 
result are "0"; otherwise cleared. 
Unaffected. 










IX « (M) 






Description 


Loads the M contents into IX. The condition code is set according 
to data. 





Addressing Mode and Number of CPU Cycles | 


Mode ree Byte 1 | Byte 2 1 Byte 3 bytes 





=o 
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Shift & Rotation 


Condition Codes 


















LSL (Logical Shift Left) 


H: Unaffected. 
I: Unaffected. 
N: Set if the most significant bit 





of the result is "1"; otherwise 
cleared. 
Z: Set if the result is "0"; other- 
wise cleared. 
C: Set if the most significant bit 
of ACCA, IX or M is "1" before 
the execution of an instruction; 
otherwise cleared. 





Description 


Shifts the contents of ACCA, IX or M l=bit to the left. The bit 0 is 
loaded with "0". The carry bit C is loaded with the most significant 
bit of ACCA, IX or M. 


Addressing Mode and Number of CPU Cycles 




























Addressing Instruction code 


Mode 


ACCUMULATOR 
INDEX REG. 
DIRECT 
INDEXED : 
Fila Dis 


casei? Operand 
type 










Byte 1 i Byte 2 1 Byte 3] bytes 


~ 
00 


i 
oO 







mitt 
Ww 
oo 
| 


ON 


co 
i] 










WORK ** MULTIPLY X 8 ** 
WORK 
WORK 
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Shift & Rotation 


LSR (Logical Shift Right) 
Condition Codes 


Unaffected. 
Unaffected. 
Cleared. 
Set if the result is "0"; other- 
wise cleared. 

Set if, before execution of an 
instruction, the least significant 
bit of ACCA, IX or Mis "L"; 
otherwise cleared. 






















NZHD 





2) 


Shifts the contents of ACCA, IX or M l-bit to the right. The bit 7 is 
loaded with "0". The carry bit C is loaded with the least significant 
bit of ACCA, IX or M. 





| Addressing Mode and Number of CPU Cycles | 
Addressing | Operand 


' yte 1 Byte 2 : Byte 3] bytes 


NDE VE DO Hy 





io 
| : ** DIVIDE / 16 ** 
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Arithmetic Operation 


Condition Codes 


H: Unaffected. 

I: Unaffected. 

N: Set if the most significant bit 
of the result is "1"; otherwise 
cleared. 

Z: Set if the result is "0"; other- 
wise cleared. 

C: Set if there is a borrow; 

















NEG (NEGate) 





IX « (1X)=00-(1X) 








or otherwise cleared. Set if the 
ACCA « (ACCA)=00—(ACCA) contents of ACCA, IX or M are 
or other than "0". 


M + (M)=00-(M) 


Description 


Replaces the contents of ACCA, IX or M with its two's complement. 
Note that $80 (-128) is unaffected. 





| Addressing Mode and Number of CPU Cycles 
Addressing | Operand 
noe | | , oRe Byte l i Byte 2 1 Byte 3 bytes 





CHECK RANGE (RELATIVE ADDRESSING) 
#129 CHECK RANGE 

BERROR * BRANCH ERROR 

A OFFSET 


SET 
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Unconditional Branch 





Condition Codes 


Unaffected. 


Fo , 











This is a single-byte instruction which causes only the program counter 
to be increased. No other registers are affected. 





Addressing Mode and Number of CPU Cycles 
Operand 
Byte 1 | Byte 2 1 Byte 3] bytes 





“* DELAY ** 
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Logical Operation 





ORA (inclusive OR) 
Condition Codes 








H: Unaffected. 
I: Unaffected. 
N: Set if the most significant bit 


of the result is "1"; otherwise 
cleared. 
Z: Set if all bits of the result 
are "0"; otherwise cleared. 
Unaffected. 


ACCA + (ACCA)V(M) 





Description 


Performs logical OR between ACCA contents and M contents, and stores the 
result into ACCA. 





| Addressing Mode and Number of CPU Cycles 
Mnemonic | 


: type Byte l i Byte 2 1 Byte 3! bytes 
IMMEDIATE ORA Imm | AA Imm 












Addressing ‘| Operand 


Mode 



















: | mat p 
OFFS ORA i Disp,X EA D 
INDEXED BYT Od 

lopeser |= (ORA Disp, X pH} DL 







** ADDITION CONTROL BIT ** 
—«#$14 0001 0100 
CNTRL 
CNTRL 
* 
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Shift & Rotation 


| ROL (ROtate Left) © | 
| Condition Codes 


Unaffected. 

Unaffected. 

Set if the most significant bit 

of the result is "1"; otherwise 

cleared. 

Z: Set of all the bits of the result 
are "0"; otherwise cleared. 

'C: Set if the most significant bit 

of ACCA, IX or M is "1" before the 

execution of an instruction; 

otherwise cleared. 



































2H im 








Shifts the contents of. ACCA, IX or M l-bit to the left. The bit O is 
loaded with the carry bit C, while the carry bit C is loaded with the 
most significant bit of ACCA, IX or M. 


Addressing Mode and Number of CPU Cycles 


Addressing Mnemonic | OPerand of CFU 


Mod t 
"i 4 ype cycles 









** REPEAT ACTION FOLLOWING CNTRL ** 





REPEAT EQU : 


ROL CNTRL | _ 

BCS ACTION — ACTION & REPEAT OR ESCAPE 
NOP a. 

NOP | *k DELAY 

NOP * 


BRA REPEAT — 
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Shift & Rotation 


ROR (ROtate Right) 
[ Format | - Condition Codes 


H: Unaffected. 
I: Unaffected. 
N: Set if the most significant bit 
of the result is "1"; otherwise 
cleared. 
Z: Set if all the bits of the result 
are "0"; otherwise cleared. 
C: Set if, before the execution of 
an instruction, the least signifi- 
cant bit of ACCA, IX or M was "1"; 
otherwise cleared. 













Description 


Shifts the contents of ACCA, IX or M 1-bit to the right. The bit 7 is 
loaded with the carry bit C, while the bit 0 is loaded with the carry bit C. 





Addressing Mode and Number of CPU Cycles 


' of CPU 
Mode Byte 1 | Byte 2 : Byte 3 bytes cycles 


** REPEAT ACTION FOLLOWING CNTRL ** 


* 


CNTRL 
ACTNI ACTION & REPEAT OR ESCAPE 
* 


** DELAY ** 


* 
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Stack Pointer Operation 


RSP (Reset Stack Pointer) 


Condition Codes 


Unaffected. 







Format 


Operation 


SP <« S$7F 





Description 


Resets the stack pointer to the top ($7F) of the stack. 








Addressing Mode and Number of CPU Cycles 


a SRE Fon Tambor | Waaber 
Mode 1 type Byte 1! Byte 2 i Byte 3] bytes | cycles 


IMPLIED 










| RSP 1 
es (ae See eee ee 
aa aie See ae res 
ant TER See ee eas 
a Sete ie ee 
Reena ela ee ae ae 
nn ae aes ae Sane 
Pa He —— ae 










SEI | INTERRUPT DISABLE 


RSP | RESET STACK POINTER 
JSR SYSINZ SYSTEM INITIALIZE 


INTERRUPT ENABLE 
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Interrupt Control 


RTI 


RTI (ReTurn from Interrupt) 
Condition Codes 


Set or cleared according to the first 
byte pulled from the stack. 











(SP)+0001, 
(SP)+0001, 
(SP)+0001, 
(SP)+0001, 
(SP)+0001, 


Description 


The Condition Codes, Accumulator, Index Register and the Program Counter are 
restored according to the state previously saved on the stack. Note that 
the interruption mask bit (I bit) will be reset only if the corresponding 
bit stored on the stack is "0". 





| Addressing Mode and Number of CPU Cycles 

3 ae 
Mnemonic | ane 

 eIPS Byte 1 ' Byte 2 1: Byte 3] bytes 











Addressing 
Mode 


IMPLIED 











pO ee Oe 
en Te, eee ee ee Fs 
a NE: A Rees Serer ee ee 
ee Se: A ee ae ee 
Ree eee (ae er Si a 
ee TE ee ee ee (ee ee 
a i: RS ee es 
Ce Re HE SE Ie: Ne | 


JSR KEYSCN KEY INPUT 

STA INKEY STORE KEY CODE 

JSR EXSWIN INPUT EXTERNAL SW 
STA INSW STORE SW CONDITION 


RETURN TO INTERRUPT 
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} Subroutine Control 


RTS (Return from Subroutine) 


Condition Codes 


Unaffected. 








SP « (SP)+0001, PCH + (SP) 
SP «+ (SP)+0001, PCL + (SP) 













Description 


The stack pointer is increased by "1". The contents of the byte of 
memory, pointed to by the stack pointer, are loaded into the high byte of 
the program counter. The stack pointer is again increased by "1". The 
byte pointed to by the stack pointer is loaded into the low byte of the 
program counter. 





Addressing Mode and Number of CPU Cycles 
: ee uae 


of CPU 
Byte 1 ' Byte 2 1 Byte 3{ bytes 


Example 


EXVAL5 
RESULT 


RETURN CODE SET : OK 
* 
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S 





Arithmetic Operation 









BC (SuBtract with Carry) 





Description 


Format 
SBC P 


ACCA + (ACCA)-(M)-(C) 







Condition Codes 


H: Unaffected. 

I: Unaffected. 

N: Set if the most significant bit 
of the result is "1"; otherwise 
cleared. 

Z: Set if the result is "0"; other- 
wise cleared. 

C: Set if the absolute value of the 
M contents plus the carry bit C 
is greater than the absolute 
value of the ACCA contents 

otherwise cleared. 





Subtracts the contents of the memory and the carry bit C from the ACCA 
contents then stores the result into ACCA. 

















Addressing Mode and Number of CPU Cycles 


Addressing 


Mode 


IMMEDIATE 


: operand 


Mnemonic : 


1 type Byt ' Byte 2 1 Byte 3} bytes 


el 


(VAL1, VAL1+1)-(EXVAL5, EXVAL5+1) 
=(EXVAL5, EXVAL5+1) 


VAL1+1 
EXVAL5+1 
EXVAL5+1 
VALI 
EXVAL5 
EXVAL5 
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[ae contest 










Condition Codes 


Unaffected. 
Unaffected. 
Unaffected. 
Unaffected. 
Set. 














ANZHG 


Sets the carry bit C in the condition code register. 









| Addressing Mode and Number of CPU Cycles 7 
i Opevent 
t 


type Byte 1 | Byte 2 Byte 3] bytes 


Number 










Addressing 
Mode 


IMPLIED 









RETURN CODE SET : NG 
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Bit Control 


SEI (SEt Interrupt mask) 


Condition Codes 


Unaffected. 





Format 








H: 

SEL I: Set. 
N: Unaffected. 
Z: Unaffected. 
C: Unaffected. 


Operation 





Description 


Sets the interruption mask bit in the processor condition code register. 
The MCU is inhibited from servicing interrupts, and will continue with 
execution of the instructions of the program until the interruption mask 
bit is cleared. 





Addressing Mode and Number of CPU Cycles 
Mnemonic | nk aes 
aa dad Byte 1: Byte 2 1 Byte 3] bytes 



















Addressing 
Mode 


IMPLIED 











ae ee ee ee Be ee ee 
aes eer ee eet Sees ee es 
i re ee eR eee: Dee 
i Se Sk a Se es 
a a Se Se ee ee 
——— 

ae ee ee SAR 
ea NIRS RE es ee ee 


INTERRUPT DISABLE 
RESET STACK POINTER 
SYSINZ SYSTEM INITIALIZE 


INTERRUPT ENABLE 
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| | Load & Store | 
ee ee 


| STA (store Accumulator) 
t | Condition Codes | 


H: Unaffected. 

I: Unaffected. 

N: Set if the most significant bit 

| of ACCA is "1"; otherwise cleared. 
Z: Set if the contents of ACCA is 
"O"; otherwise cleared. 
Unaffected. 













M <« (ACCA) 






Description 


Stores the ACCA contents into memory. The ACCA contents are unaffected. 





Addressing Mode and Number of CPU Cycles | | 


Instruction code 


Byte 1 | Byte 2 : Byte 3 bytes | 
Fae Se a 






















Addressing are Operand 


Mode type 


DIRECT STA «. M 
EXTENDED STA ; M 
¢ 


my 1a 
NTN 
i 
B 
a 
+b 


NDEXED O BE 


e| 
~ 
| 


oO 
Ni 
oO 
i) 
m 


WORK © 
RESULT 
0,X_ 
#$FF 
EXVAL5 ,X 





@ HITACHI 


Load & Store 





Unaffected. 

Unaffected. 

Set if the most significant bit 
of IX is "1"; otherwise cleared. 
Set if the contents of IX is "0"; 
otherwise cleared. 

Unaffected. 


Format 
STX P 





Description 


Stores the IX contents into M. The IX contents are unaffected. 





Addressing Mode and Number of CPU Cycles 


Mode type Byt Byte 3| bytes 





WORK 
RESULT 

0 ,X 

#$FF 
EXVALS5 ,X 
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_ Arithmetic Operation © 


| SUB | 
a SUB (SUBtract) 
- Condition Codes 


H: Unaffected. 

I: Unaffected. 

N: Set if the most significant bit 
of the result is "1"; otherwise | 
cleared. 

Z: Set if the contents of the result 
is 0; otherwise cleared. 

C: Set if the absolute value of the 

M contents is greater than the 

absolute value of the contents of 

ACCA; otherwise cleared. 


























ACCA « (ACCA)-(M) 


Description 7 


Subtracts the M contents from ACCA contents, then stores the result 
into ACCA. r 





Addressing Mode and Number of CPU Cycles | | 


Addressing daenoade Operand paeeee Sagas 
Mode 1 type Byte 1 | Byte 2 1 Byte 3] bytes cycles 
| IMMEDIATE : # Inm 2 
DIRECT _ 2 
5 






UB 
| UB i OM 
EXTENDED 
[NDEXED BY TE t ' 
SUB} __,X FO ! : 
Q SUB__t Disp, X 


FFSE] 
INDEXED 2 BYTE i 
“sus! Digy po! D 









VALI (VAL1)-(WORK)=(RESULT) 
WORK 
RESULT 
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Interrupt Control 


Condition Codes 












SWI H: Unaffected. 
I: Set. 
N: Unaffected. 
Z: Unaffected. 
C: Unaffected. 





PC < (PC)+0001 
Msp + (PCL), SP <« (SP)-0001 
Msp + (PCH), SP «+ (SP)-0001 
Msp « (IX), SP < (SP)-0001 
Msp <« (ACCA),SP <« (SP)~-0001 
(CCR), SP (SP)-0001 









All the registers other than the stack pointer (SP) are pushed onto the 
stack. The interrupt mask bit is then set. Performs vectoring to the 
address indicated by the contents of the SWI interrupt vector address. 


Note) $7FC and $7FD for HD6805S. 


Note) 





| Operand Instruction code 


Mnemonic : t 
1 type Byte 1: Byte 2 1: Byte 3] pytes 

t 
IMPLIED 


Addressing 


TIMER+1 * TIMER COUNTER SET 

#$3F x 

TIMER ba 

#3 TIMER CODE SET 
MONITOR SERVICE CALL 
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| Transfer a : 





| Condition Codes 


Unaffected. 








Operation 


IX « (ACCA) 






Description 


Transfers the ACCA contents to IX. The ACCA contents are unaffected. 












= Maemonte operand | of of CPU 
1 typ Byte 1 i Byte 2 bytes aoe 





nue SAVE ACCUMULATOR 


** ADD (RESULT+4) 
RESULT = 


REVIVE ACCUMULATOR — 
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Comprison & Test 





Unaffected. 

Unaffected. 

Set if the most significant bit 
of ACCA, IX or M is"1"; otherwise 
cleared. 

Set if the contents of ACCA, IX 
or M are"'0"; otherwise cleared. 
Unaffected. 





(IX) - 00 
or 
(ACCA) - 00 

or 
(M) - 00 








Description 


Sets N and Z bits of the condition code register according to the contents 
of ACCA, IX or M. 





Addressing Mode and Number of CPU Cycles 


type 
















Number 
| 1 of 
Byte 1 | Byte 2, Byte 3 bytes 















Addressing 
Mode 


ACCUMULATOR TST 
INDEX REG. TST 
DIRECT TST 


INDEXED 0 BYTE 
TST 


O 
INDEXED 1 BYTE 
aE TST 


CNTRL 


INITOO CNTRL=$00 © 


Mnemonic 





Wij te 
oO To {0 


~ 

o 
TEE EEE 
TL EEEE 


oO 
ws 
i) 

ms 











WORK 
MINSOO ~WORK=(1XXX XXXX) 
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TXA (Transfer indeX register to Accumulator) : 
Condition Codes | 


Unaffected. 


















ACCA + (IX) 











Description 


Transfers the IX contents to ACCA. The IX contents are unaffected. 





| Addressing Mode and Number of CPU i baba | 


| Mode emonic | type of of CPU 
Byte 1 i Byte 2 ' Byte 3 nutes cycles 
IMPLIED 1 











rae ACCUMULATOR 
«#4 
RESULT - ess ADD (RESULT+4) 


RESULT = — * 
7 REVIVE ACCUMULATOR 
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3.3 Limitation of SWI Instruction 


Please pay attention to the following items when using the SWI instruction of 
the HD63L05. 


1. Phenomenon 
When SWI (software interrupt) and other interrupt request occurs at the same 
time, the CPU executes usual interrupt sequence as follows. 
The CPU does not return from SWI interrupt service routine correctly, 
because an incorrect return address is saved onto the stack. 


Therefore, The CPU executes SWI instruction repeatedly, (Refer to Figure 1) 







2. Countermeasure SWI 


next instruction 
1 


SWI 


next instruction 
i 







(1) There is no problem while 


all other interrupt is 
masked, or while you don't 
use SWI. 


(2) Please program your software 





(SWI interrupt 
routine) 


RTI 


(SWI interrupt 

routine) 
RT i 
as follows to avoid SWI and 
other interrupt occurring at Correct Operation Incorrect Operation 
the same time if you use 
SWI instruction. 


Figure 1 UNUSUAL PHENOMENON 


(For Example) ut (User Program) 





SEI (Other interrupts is masked) 
SWI 
1 (User Program) 


SWI: Software Interrupt 
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3. Defect Description | 

' As shown in Figure 2, when other interrupt request occurs in the cycle which 
the CPU fetches SWI instruction, the CPU pushes the content of incorrect 
Program Counter (PC) onto the stack. 
The interrupt sequence is different from the SWI (Figure 3-@) and other 
interrupts (Figure 3-@) as shown in Figure 3. 
Figure 2 shows the timing when the incorrect interrupt sequence occurs. 
When interrupt request occurs at this timing, the CPU generates the SWI 
vector address and execute SWI interrupt service routine. 
However, the CPU pushes the ''PC'' which is incorrect return address. (''PC!! 
is the address on which SWI instruction is programmed.) (Figure 3-@) 
Therefore, the CPU exercise SWI instruction repeatedly after it returns from 


the SWI interrupt service routine. 


interrupt 
request signal 


program “user program— SWI execution of SWI~> 


fetch signal 


renee eee 
! SWI fetch cycle 
(ohe cycle) 


Figure 2 THE TIMING 





Sk ERE A) EE RE (eee 
Address other interrupts _ SWI interrupt 


(return Address)| PCH __ (return Address) PCH | | PCH |(return Address) 
a a 
= ir | ST rt sl 


CCR: Condition Code Register 












Figure 3 INTERRUPT SEQUENCE 
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4. Pin Arrangement and Package Information 


@ HD63L05F1F (FP80) 


eer ere rrerrrrir} 
ESTES! A SES ATS ESTE TRAE TE 


mz 
Ree 


Ves 
nes 
int 
$8 


® HD63L05F1P (DP64S) 


z QPAFOZsE 
RERSSSSS - = we Zz" SF 


a a0 


RZR 


CH: 
V,/CH, 
SEG17/CH, [27 





SEG,,/CH, 
SEG,,/CH, 
V2/CH, 
SEG, ,/CH, 
NC 


SEG,,/CH, 
SEG,,/CH, & 
SEG,, 20 
SEG, 6 
SEGio & 
SEG, 23 
SEG, 
SEG, 
SEG, 
SEG, 
SEG, 
SEG, 
SEG, 
SEG, 
NC 





Figure 4-1 Pin Assignment (Top View) 
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_ Unit: mm (inch) 
@ FP-80 















25.6 + 0.4( 1.008 + 0.016) 2.9max. 
20 (0.11 4max.) 
64 (0.787) Al 
AARNE AT A 
= === 40 = 
= = _|_/°|E 
= == a\cls |e 
<a —= pes +t = 
= = "5 |B 
ee z 
0.8+0.15 0.35+0.1 9.15 £0.05 
(0.031 + 0.006) (0.014 + 0.004) (0,006 + 0.002) 






o~ ts” 
17 4 9.3(0.067 +0.012) 


@ DP-64S 


57.6(2.268) 













(0.669) 
{8.2max. 
(0.71 Tmax.) 


5.08max. 
(0.200max.) 


(0 (qvore se) 


TTY Y 
| | 1.778 £0.25 o.48+0.10_.l| 


(0.070 + 0.010) (0.019 + 0.004) 


2.54min 
(0.100min.) 
fo } 
/ 
a 


Figure 4~2 Package Information 


© HITACHI 
358 





5. Electrical Characteristics 


WABSOLUTE MAXIMUM RATINGS 


Item Symbol 
Supply Voltage 


Value Unit 
-0.3~ +5.5 V 
-0.3-- Vcct0.3 Vv 
-0.3~Vcect0.3 V 
-20~+75 “G 
Storage Temparature Tstg ~55~+125 °C 


Input Voltage 
Output Voltage Vout 


Operating Temparature Toor 


pe 
=] 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. 
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@DC CHARACTERISTICS (Vcc=3.0+0.8V, Vss=0V, Ta=-20 V+75°C, typ means 
typical value at Vcc=3.0V unless otherwise noted.) 
























Item symbol | Test Condition | min |typ| max | Unit 
XTAL, XIN Connect C,=0.5uF Yoo-0-3] - | Veo | y 
Level Voltage Vv EX +0.9{ - | Voc | ¥ 
m{ 86 | - | vec | v 
veo] ~ Wood v 
Input Vsg_| - 0-2Vec | V 
Level Vss ee 0.2Vcc | V 
Self Check NUM (Self Check 0.5Vcc ~ poe y 
Input Voltage Mode) -0.2 +0.2 
(INT :Mask 
Input Pull- . 
Up Current Option) 3 15 30 vA 
Input Leackage | eae 
Fs Oa 
f =400kHz 200 pA 
No load. 
Tested after }40 | 80 | yA 
setting up the 
internal status pA 
Guskene by self check. | 
e203 ‘ 60 A 
Dissipation nO ° u 


R =100kHz 
No load. 


120 | 200 | yA 











Suaree 
setting up the 
internal status 2 5 pA 
by self check. 
At A/D 
‘ A 
Operation 220 | 600 u 
Output "Low" 
tevel Voltage = | You. | Tox = 300A p= jo |v 


* By Mask option 
xk In the case that OSCl is stopped by Halt; 60UA—»30UA, 100UA——60HA 
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@ AC CHARACTERISTICS (Vcc=3.0t0.8V, Vgs=0V, Ta=-20 V+75°C, typ means 
typical value at Vcc=3.0V unless otherwise noted.) 


Item Symbol ‘Test Condition typ max unit 
oe Eee a ELE Feo! Re 
Oscillation Frequency R =100kKQ +1% 400 kHz 
(Resistor Option) 
nie asta ; 
Oscillation Start Time toscr Cp =l0pF+20%, RS =1kQ max ms 

(Crystal Option) | 
Oscillation Start Time R=100k0+12%, ms 
(Resistor Option) Connect Cy=0.5yF to Voy 
Oscillation Start Time (32kHz Cgo=l0pF+20%. RS=20kQ max Lo 4 ee 8 
Internal Capacitance EXTAL Ch pF 
of Oscillator 
SERDAR edE Blas Heal 
Delay Time of Oscillation tpLy Selected by mask option 1 Ss 
Delay Time 
Reset Delay Time External Capacitance =2.2UF Pie Mak Boel ms 
| When OSC2 is used 48+1 eo oe us 
S Pulse Width tRWL 
then 0502 to not used [roeeaf = | = | ™ 
= when osc? to weed | 32 | = | = | ms 
INT Pulse Width CIWL 
When 0SC2 is not used teyctl oe Se Us 
TIMER Pulse Width In the case of counter teyctl oe ee Us 
eZ = =— ? means 
@PORT CHARACTERISTICS (Vcc=3-0#0.8V, Vgg=OV, Ta=-20V+/5 C, typ me : 
typical value at Vcc=3.0V unless otherwise noted.) 
Item symbol] ‘Test Condition _| min | typ | max |Unit 
Port A,B,C CMOS Output, Ipye-100NA |Vgc-0.3] - | - | V 
Output “High” Level Voltage Vou Be ees ase 6 ack 
a utpu 
Port A,B,C iea-2i0 | P Voc70.3 v 
Output "Low" Level Voltage | Port A,B,C Top. =100,A ae ee ree 
Input "High" Level Voltage | Port A,B,C 0.8V¢c | = | vec | V 
Input Leackage Current Port A,B,C (lin Vin79V ~ Voc a ie EE pA 
Input Pull-Up Current | Port A,B,C Ver=3-0V, Vinz0V A 
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@LCD DRIVER OUTPUT CHARACTERISTICS (Vcc=3.0V,Vss=0V,Ta=-20% +75°C, unless otherwise noted.) 


Out put 


Out put 


Out put 


Output 


Dividing Resistor 


Output 


Item | _symbor_[ test condition __—_—+|-min_| typ | max | unit 
3 P28 [= [= 


|MOH1 | 
"High" Level Voltage} Segment NE OOV so 2 aQ¥ Deer alist clos 


Iou= - 
VoH3 OH™ -—1LUA 


VoL 
"Low" Level Voltage Segment | Voy? 








Vi= 1.00V, V>= 2.008 


Tie 
VoL3 OL= 1luA 


VoH1 


"High" Level Voltage | Common Von2 Vip ole OOWs Vos" 2< 008 


ToH™ -—5uA 


Vout 
"Low" Level Voltage Common VoL2 Vz" 1-00V, Vo= 2.00V 


"High" Level Voltage | Segment por, T= 30k cc70.3 ae 
. 3 


[Ricp__| Tested betweenVi and V2| 45 |90_| 180 | 


V 


ai<i< ic is [< ic [Sic [<< [< 


kQ 


V 


17 nett In the case of Output 
Output “Low” Level vorrase Segment | Voz Port, Ig, =30uA 0.3 V 
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Figure 5-1 Output Level of SEG and COM 


Common Output 





Segment Output 





Figure 5-2 Power Supply Circuit for LCD Display 
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@ A/D CONVERTER CHARACTERISTICS *(Vcc=3.0V,Vss=0V,Ta=-20°C% +75°C,C=300pF, 
unless otherwise noted.) 


Symbol] Test Condition _| min | typ 
Vpz7.7=0.2V < Vin<VRH=2.0V -2 | 


Item 


' Resolution 
Conversion Accuracy 


+2 


a ikFidc 
Oo , ° 
00 


Absolute Accurac 
"High" Side 


Reference Voltage "Low" Side 


< 
i 
< 


“e 
a 
G 


oA 


Input Voltage Input Range 
Range I 


nput Dynamic Range| Vp 


& 


Ladder Resistor (Vpy~- Vet) 


Conversion Time 


Vpy=0.2V<Vin < Vpy=2.0V | -4 


* These value can be changed without notice, because they are provisional. 
Vss 0.2V Voc71.0V Vcc 


+ 
& 


Programmable Judge Error 
Voltage Comparison 


< 
< < 
SID B 
Oo 


S| |S lz 
Zz 

P| 2B 

Ode 


Judge Time 


Converter 
Dynamic Range 





Analog Input Voltage 


(When the input voltage is 
in the dead zone, the 
result of the conversion 
is not guaranteed.) 


Figure 5-3 Dynamic Range of the Comparator 
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Unit 


bit. 
LSB 


<i< |< |< I< 


ms 
LSB 


= 
<2) 





Ideal A/D Converter Characteristics 







7 Fn Rn a ne a ee ee ee eo 

Gok eeers ie ee so eee se Sees ! 
j 

] 

a Oe eee ie eres 
(e) j 
© t 
ee aaa ! 
QO 1 
Ww ’ 
Gi Bpsetencreess | 
5; 

{ 

] 

t 

1 

’ 

] 

t 

| 

1 














0 
0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 


VR 
RL 3R H 


+ ————— Analog Input Voltage —————+> 


Nol 


(Ladder resistor indicates the compared 
voltage.) 


Figure 5-4 Example of 3 bit Resolution 
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6.1 


6.2 


Application 


How to Confirm Operation Frequency 


When pin E of the HD63L05 MCU is connected to Vcc through the 


resistor, the system clock ( E ) divided by OSCl is transmitted. 


The clock output from the OSC2 is available as outputs of the COM], 
COM), or COM3. 


Method of the DAA (Decimal Adjust Accumulator) 


(1) 


(2) 


(3) 


(4) 


Function 

This subroutine is a simulation of the DAA instruction performed 
by the HD63L05 MCU. This is used immediately after the addition 
of two bytes (ADD and ADC) which consist of two-digit BCD (Binary 
Coded Decimal), respectively. This subroutine converts the result 
of the BCD addition into two-digit BCD to transmit it from the 


accumulator. 


Linkage 
The digit to be converted is input to the accumulator and opera- 


tion jumps to the routine. 


(Example) 
LDA ARG1 
ADD ARG2 
JSR  DAA---Jumps to the DAA subroutine 
STA ARG3 


Two-digit BCDs are stored in the ARG1 and ARG2 respectively and 
the operation jumps to the DAA after addition. The result of the 


addition is converted into BCD and is stored in the ARG3. 


Result 


The binary coded decimal digit is output to the accumulator. 


Register to be influenced 


(i) IX guarantees the contents before jumping to the routine. 


(ii) Of the CCR (Condition Code Register), the C bit is set 
when the result of the BCD addition or decimal conversion 
is rounded up. The previous contents in each bit of H, N 


and Z cannot be guaranteed. 
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(5) Program specification 


Program specification is shown in Table 6-1. 


Table 6-1 Program Specification 


Not 
Je ‘ 
ee 


ee ee 


*:; It is necessary to provide this work area within the stored RAM 
($020 S$O7F). 


**; Depending on the situation, it may be necessary to mask the inter- 
rupt during the execution of this subroutine. 
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Data save 


A — A+ATEMP 
IX~- XTEMP 





Figure 6-1 DAA Subroutine Flowchart 
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Table 6-2 DAA Subroutine Program List 


ADDRESS} OP CODE COMMENT | 


Work area 


Saves the input value 


Vacates the IX to store the 
converted value. 

Branches if the value is equal 
to or less than $99, otherwise 
the higher 4 bits are also con- 
verted. 


It is not necessary to convert 

if the lower 4 bits are less than 
$09.Therefore,branching is performed. 
The converted value of the lower 

4 bits. 


Stores the converted value to A, 
adds it to the original (ATEMP) 
and prduces an output. 





* It 1s necessary to provide ATEMP and XTEMP within the stored RAM 
(Address $020~$07F) in the work area. 
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6.3 Cautions on the Programming the Write Only Register and Control Register 


6.4 


It is impossible to change the Write Only Register Contents (for 


example, the Data Direction Register (DDR) of the I/O port) of the 
HD63L05 MCU by applying the Read/Modify/Write instructions. 


(1) 


(2) 


(3) 


(4) 


The Write Only Register (for example the DDR of the I/O port) 
cannot read, the Read/Modify/Write instructions are executed in 


the following sequence. 


(i) Reading the contents of the specified address 
(ii) Changing the read-out data 


(iii) Returning the changed data to the original address 


Note that the Read/Modify/Write instructions cannot be 


applied to the Write Only Register such as the DDR. 


For the same reason, do not set the DDR of the I/O port or LCD 
register by using the BSET and BCLR instructions of the HD63L05 
MCU. 


It is necessary to pay attention to the System Control Register, 
the Timer Control Register, and the A/D Control Register when 
BSET, BCLR, or Read/Modify/Write instructions are applied to them. 
If one's own interruption request occured onto the interruption 
request bit (bit 7) of the Control Register between read cycle and 
write cycle of these instructions, the bit 7 may be cleared in the 


write cycle and not acknowledged by CPU. 


Store instructions, such as STA or STX, are used to write 
correctly in the Write Only Register or to avoid missing an 


interruption of the Control Register. 


Cautions on Executing BSR (Branch SubRoutine) Instruction 


Sometimes the HD63L05 MCU does not execute the address munipula- 


tion normally with the second BSR instruction, if there exists the 


BSR instruction in the address where branch has occurred. For this 


reason, do not execute the BSR instruction in the branched address. 
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The following methods are available for substituting for the 


second BSR instruction. 


(1) Insert the No OPeration (NOP) instruction before the second BSR 
instruction in order to cause a branch in the address in which 


the NOP instruction has been inserted. 


(2) Convert the BCR instruction in the branched address into Jump 


SubRoutine (JSR) instruction. 


BSR LBLI BSR LBL1 BSR LBLI1 


LBL! BSR LBL2= 


. LBL1 NOP LBL1 JSR LBL2= 

; BSR LBL2 

: 
LBL2 ----- Baal LBL2 ----- ---- ible =2-=- snare 
LBL8 ----- ----- <4 
An example of a An example of a An example of a 
program which will program in which NOP program using JSR 
not execute branch instruction is instruction. 
normally. inserted. 


6.5 Cautions 


(1) To prevent the induced noise, the crystal oscillators should be 





located as close to the LSI as physically possible. Signal lines 
should not run pararell with, or across the clock oscillator 
inputs, such as XTAL, EXTAL, XIN, XOUT. In particular, these 


clock oscillator inputs should be separated as much as possible. 
(2) Functions and Cautions 


A. When STAND-BY goes "High", OSC1, system operation, and 
peripheral circuits stop. (OSC2 operates). On power up, or 
when reset, pull STAND-BY "Low". 


B. OSC1l, system operation, and peripheral circuit restart 
functioning by releasing them from stand-by mode after the 
delay time caused by the frequency divider. | 
If OSC2 is provided, clock is provided from OSC1l with the 
system after the delay time selected by SFFl. 

If OSC2 is not provided, delay time means the period in which 
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OSCl restarts functioning, after released from stand-by and the 
period in which judging output of frequency divider, changes by 
clock pulse transmitted to the delay circuit after restarting 


the functions. 


Note that the restart time of the system operation cannot be 
prescribed precisely when using crystal oscillation, as 
crystal oscillation affects both the restart time of the 
oscillation and harmonic oscillation when restarting the 


oscillation. 


In stand-by status, peripheral circuits (e.g. Time Base, 
Timer, A/D converter, and LCD driver) stop functioning. 

When Time Base, Timer, A/D converter go into stand-by mode 
during functioning, Timer and Time Base stop functioning and 
the result of A/D conversion cannot be assurred. 

Transmit the signal specifying if stand-by input is available 
in order to control the stand-by signal. Then input the 
Stand-by signal to the port. 


SB Input sp 


Port 
Output 


HD63L05 
MCU 





Figure 6-2 Example of SB Input Masking 
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Evaluation Chip (HD63L05E0) 


The HD63L05E0O is a CMOS evaluation chip for the HD63L05 MCU. 
Connecting an external EPROM (HN482732) to the chip, it can be operated 
as a single chip microcomputer HD63L05 MCU. This chip is moulded in a 
100 pins flat package. (Refer to Figure 7-1) 


Block Diagram 


The following describes input signals and output signals of the 
HD63L05EO MCU. Basically, the same pin name means the same function as 
the HD63L05 MCU. 


@ Vcc» Yss 
Power is supplied to the LSI by using these pins. Vcc has a 
voltage of 3.0V+0.8V and Vss is grounded. 


@ INT 


This pin is used to interrupt the LSI processing externally. 


@ xXTAL, EXTAL 
Input/Output Pins for the internal oscillator. A crystal 


(400 kHz typ.) is connected to these pins. 


@ TIMER 





An external input pin to count down the internal timer circuit. 


@ RES 
This pin resets the LSI. 


@ STANDBY (SB) 
This external input pin stops the LSI and holds data. 


@ A/D Input Pins (CH, “CHg) 
_ This is an input pins for analog voltages needed for A/D conversion. 


These may also be used as level check input under program control. 


@ VRH, VRL 
Reference voltages for A/D conversion are applied to these two 
pins. 

@ cC;, CC2 
These pins are not user application. They should be left open. 
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@ XIN, XOUT 


A crystal (32.768kHz) is connected to these pins, for OSC2 oscillation. 
When OSC2 is not used, connect XIN to Vcc. 


VCH 
Decoupling pin from internal voltage regulator. Connect a capacitor (0.5nF) 


between VCH and Vcc to stabilize the voltage. 


MSET 


This pin is not for user application. Connect it to Vee: 


ADCLK 
This pin transmits a signal with 1/4 frequency of OSC1 (100kHz typ. 


synchonized with system clock E). NMOS open-drain output. 


U/M 

The HD63L05EO MCU can take two operation modes based on the state of 
this pin. When the pin is connected to Vcc, the LSI operates as 

a single chip microcomputer with external EPROM. When the pin is 
grounded, however, the HD63L05E0O MCU operates in external extension 


mode. 


Input/Output Pins (Ap VA7; Bo VB7, Co VC3) 
These 20 pins consist of two 8-bit ports and one 4-bit port. 
Each pin functions as an input or output under program control of 


the Data Direction Register. These are NMOS open-drain output. 


Do VD? 
These pins are input pins for instruction or data from external 
data bus. For example, output from an external EPROM are applied 


to these pins. 


Eo VE7 

These pins are NMOS open-drain outputs. When the U/M is logical 

"1", the internal address bus (AQ ‘vA7) is transmitted. When the 

U/M is logical "0", the port E functions either as address bus or 

as data bus. When system clock E is "Low", port E functions as address 
bus. When system clock E is "High", port E functions as the peripheral 


data bus. 


Fo VF3 
These pins are NMOS open-drain outputs. When the U/M is logical 
"1" the internal address bus (Ag ‘vAj1) is transmitted. When 
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the U/M is logical "0", the port F transmits internal address bus 
while system clock E is "Low". 


CE/WR 

This pin is a NMOS open-drain output. When the U/M is "High", 
CE signal (means address bus is in from $080 to $FFF) is trans- 
mitted. When the U/M is "Low", Read/Write clock is transmitted. 


LIR 
NMOS open-drain output. Fetch signal is available from this 
pin. 


HALT 
NMOS open drain output. When stand-by signal is acknowledged, the 


output from this pin goes "Low" to control external clock source. 


V1, V2 
These are pins for LCD driver. When 1/3 bias - 1/3 duty drive, 
connect Vl and V2 to Vcc through condensor (0.1nF each). 


Liquid Crystal Driver Pins (COM ,VCOM3, SEG ,VSEG)7) 

COM;VCOM3 are for driving common electrodes, while SEG)VSEG)7 are 
output pins for driving segments. SEG) ,%SEG,7 functions as 
either SEG ])VSEG17 or as A/D inputs (CH 9CHg) by specifying the 
function through selecting master-slice data. SEG ,,VSEG)7 are 
multiplexed with A/D inputs (CH 2CHg). 
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@ HD63L05E0 





Figure 7-1 (a) Pin Assignment (Top View) 


Unit: mm(inch) 
@FP-100 


25.6+0.4 
(1.008 + 0.016) 2.9max. 


20( 0.787) (0.1 | 4max.) 


14(0.55!) 
(0.772 + 0.016) 


| 0.3+0.1 


(0.012 + 0.004) 0.15 +.0.05 


(9.006 + 0.002) 


1.7403 
(0.067 +0.012) 


Figure 7-1 (b) Package Information 
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LIR 
ADCLK 
CE, R/W XIN XOUT 
pees Oscillator 
' 2 
ts ; Timer XTAL EXTAL 
Sere cce Counter 
8 


r Accumulator 
8 A 


Index 
gkegister 





Segment Driver Output 












SEG17) 





Oscillator 
1 















sion Data 


Conver- 






CPU 
Control 
8 














xX 


A/D Converter 
om™ 
a 
= 
i) 
4 


A/D 
Control 








Condition 
sCode Reg.ccRr 


Stac 
,Pointer SP 


Program 
Counter 


PPPPP> > > 
NIAuhenem Oo 
Port A 
Register 
Data Direc- 
tion Register 











Direction 
-Register 
Register 









Register 
Port C 
Register 





( ) Program Selection 


Figure 7-2 HD63L05E0 Block Diagram 
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CPU 


PORT D 


PORT E 


Lh FF w'' 
PORT F ADDRESS ~~ 


R/W,CE 





Figure 7-3 HD63LO5E0O Timing Chart 
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ADB 


PDB 


ADCLK (E: 100kHz) 


PERIPHERAL WR 
PERIPHERAL RD EN 


CPU Read CLK 


DATA TO CPU 


MULTIPLEXED ADD & DATA 


(MONITOR MODE) 
(USER MODE) 


(MONITOR MODE) 


(USER MODE) 


(MONITOR MODE) 


CHIP ENABLE 


(USER MODE) 





Memory Map 


Figure 7-4 shows a memory map of the HD63L05E0 MCU. $000VS07F is 
contained in the LSI. S$O80VSFFF is not contained, thus it is necessary 
to connect external EPROM (HN482732) to SO80VSFFF. SF30VSFF3 is 
not for user application, for Hitachi will replace these addresses 


by the self check program. 


7 0 

$000 
$001 
$002 
$009 
$004 
$005 
NOT USED $006 
$007 
$008 
$00% 


$OOA 
NOT USED 
$00D 


A/D DATA REGISTER $O0E 
A/D CTRL REGISTER $oOoF 


$010 USER PROGRAM 
NOT USED 
$013 


sous 
soi 
sou 
$018 Reserved 
sous 
sou, 
NOT USED $01B $FEF 
$01C MASTER SLICE (1) $FFo0 


$01D MASTER SLICE (2) $FF1 

NOT USED 
/ $FF2 
$O1F $FF3 


RAM (96BYTE) $020 TIME BASE VECTOR H| $FF4 
TIME BASE VECTOR L | $FF5 

$060 A/D VECTOR H SFF6 
A/D VECTOR L $FF7 

$o7F TIMER VECTOR H $FF8 
EXTERNAL EPROM $080 TIMER VECTOR L $FF9 
INT VECTOR H $FFA 

INT VECTOR L $FFB 

$FFF SWI VECTOR H $FFC 
* Write only register SWI VECTOR L $FFD 
RES VECTOR H $FFE 

RES VECTOR L $FFF 


$080 


$F2F 
$F30 








Figure 7-4 Memory Map 
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7.3 Pin Functions and Applications 


(1) 


(2) 


(3) 
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Power 


3V is supplied to Voc, then Vpp is grounded. Vcc is connected 


to Vcq through a condensor. (VcH =+1V is transmitted) Vj] and 


V2, which are connected to Vcc through a condensor, are voltage 


pins for LCD drive. (Vj, =+1V, Vo =+2V are transmitted.) 


Control Signals 
Connect U/M and MSET to Vcc. 


Interfacing to the user system. 


(a) 


(b) 


(c) 


I/O port (AgVA7, BQO VB7, Cg VC7) 

Each pin has NMOS open-drain output. Therefore, "High" 
level of the output is obtained by connecting a resistor 
to Vcc- When using as an input port, connect pull-up 


resistor to Vcc, if necessary. 


Control pins (RES, INT, SB, TIMER) 

Only RESET is connected to Vcc through internal pull-up 
PMOS in the LSI. To avoid the floating input to INT, S.B, 
or TIMER, connect pull-up resistors between these terminals 


and Vcc, if necessary. 


Others (SEG) VSEG]7, COM] ~COM3, CH, ~CHg, CC1, CC2, VrH, VRL) 


Bit correspondence between SEG] ~SEG17 and LCD register is 
fixed, which fixes the pin allocation and does not support 
the port function as an output only port. | 

Note that the pin allocation of che HD63L05EO MCU is not 
equivalent to that of the HD63L05 MCU. 

The selection between SEG]3 ‘VSEG,7 (and master slice analog 
input CH» V CHg) can be specified by the external EPROM data. 
Very and Ver of the HD63L05EO MCU is equivalent to those of 
the HD63L05 MCU. 
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(4) 


(5) 


Interfacing to External EPROM 


(a) Data inputs (D9 D7) 
Connect the output pins from the EPROM to these pins. 


Provide pull-down resistor to reduce input high level. 


(b) Address Outputs (Eg VE7, Fo VF3) 
The address signals (Ag ‘VAj1) is transmitted from these pins 
to EPROM. Connect them to Vcc of the EPROM with pull-up 


resistors. 


(c) Chip Select Output (CE) 
Connect it to Vcc of the EPROM with pull-up resistor. When 
ROM address is selected (from $080 to SFFF), "Low' level is 
available. 


Others (HALT, LIR, ADCLK) 


Normally, these pins are not user application. Keep them open. 
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+3V 


O.1uMF | O.1uF | O.5uF 


OV 





HD63LO5E0 


Figure 7-5 Connections for Power Supplying 


@ HITACHI 
382 










400kHz&5 
Crystal 


maa 


Vcc 
Vec 


ale 


32.768kHz Co 
Crystal 


10pF 


HD63L05E0 
(a) 


10pF 


32. 768kHz CO 
Crystal 


HD63L05E0 
(b) 


Figure 7-6 Connections for the Oscillators 
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Vcc | OUTPUT; R=20k2 
° INPUT; R=150kQ 





Figure 7-7 Configuration-of NMOS open-drain Output 
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+3V +5V 














ie] 







jes es] 
wn -H 


5) 










tH 
nn 







tf 


ref 
WnNrFr ON A 


cl 


te] fry 






HN48 2732 
(EPROM) 


OV 


OV 
Figure 7-8 Interfacing between HD63L05E0 and EPROM 


Ri, R2 = 20kQ 
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7.4 The Comparison between the HD63L05 MCU and the HD63L05E0 


The HD63L05EO MCU is an evaluation chip for the HD63L05 MCU, 
which supports the HD63L05 MCU function by connecting EPROM externally. 
However, these two devices have some differences in the architectures. 


Table 7-1 summarizes these. 


Table 7-1 The Comparison between the HD63L05 MCU and the HD63L05E0 MCU 
ITEM HD63L05 


Operating 2.2V V3.8V Current cannot be 
Voltage supported. 
XTAL/CR Mask option | XTAL CR oscillation is 
not supported. 
with OSC2/without Selectable 
mask option 


set while reset="L" 


Vss 












pefel efefs| ~] 2 | 
an © 
ir 
J Q 
_ 


eel 
nh 







Equivarent to U/M 
Monitor Mode Not supported 
1/2Vcc | Self check mode Not supported 


Standby delay time 
TANDBY Standby input is selectable 


Cc 
@ 
0 
fa 
<4 
° 
a 
) 


res 
wn 
ti 
| 





ra 


0 


i 
AT 






~ 


we ~ 


2 | CH, VCHg A/D input pins 
Port output CMOS 
type NMOS open drain 


Port input Pull-up R mask 
1/3 bias 1/3 duty, Only 1/3 bias 1/3 
static,output pin, duty is supported Fixed pin location 
master slice 


> 
o 
nm 
2) 
uo) 
3 
a. 
ca 
i) 
3 


wi 


pin allocation of 
CH7/CHg is different 
type option Without pull-up R 
Specified by mask Fixed pattern 






16 Pin location 


oo 
OO 
a) 





_ 


Nm | NO ~ | 
Ww wo |} & 


7 \Vi> 


< 
nN 


option 
: ‘ Pin allocation of 
rystal source. CH7/CHg is different 


Liquid power source/ 
po 


CH7,CHg, 
Goes to "Low" when Goes to "Low" when | Equivalent to 
Reset /Halt/S.B. S.B. ADCLK 


Data input port 


Address,data output 
port 


Address output port 


< 
QO 
= 


| 






ort D 


21 ort E 


NS 


ort F 


(ay 
i 
bs] 


Goes to "Low" 
when S.B. 

Goes to "Low" 
when Fetch cycle 
CE="Low" in the. 
address SO80VSFFF 


FP-100 





HE 


FP-80/DP-64S 


fa Ba it 
& 
al 
~ 
z 





6 ACKAGE 
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7.5 LCD Output 


Note that LCD output of the HD63L05E0 MCU is for 1/3 bias-1/3 duty 
drive and its pin location block is fixed. 


Table 7-2 Connections of the Pin location Block 


SEGMENT Pin 


SEGe2 
SEG2 
SEGs 
SEG2 
SEG 
SEG 
SEG 


Not used 


SEGs 
SEGs 
SEGs 
SEG« 
SEGs 
SEGs 
SEG4 


Not used 


LCD register 
LCD1—0 


















LCD2-— 











LCD 3— 


LCD 4— 


omnrPr WNW Fe © Own P OD — © AAO Pr OW eH YOQw1b OW -— 





LCD5— 





QOrvP OD = OS 









SEG17 
SEGi7 
Not used 


Not used 
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7.6 Setting the mask-option data 


The HD63L05EO MCU contains two additional registers to specify the 
master-slice data for SEG,,VSEG,7 (CHjCHg) and internal oscillator 


mask options. 


During the RES input is "Low", address bus (ApvAz1: from Port 
E, Port F) become alternately S$FFO and S$FFl1. Therefore, the output 
data from the external EPROM (Address are $FFO and $FF1) can be written 
into these registers through Port D. 3 cycles are necessary for 


writing the master-slice data into the registers. 


Table 7-3 Master-slice select register in EPROM 







Data pia rete 


ca - 
mcs : 
sco 
OSCc2 
used eee 
OSC2 |Set 1-bit within 4 bit to 
ape ts ee eee 


* : These bits are not used, write "0". 
Note that only one bit of OSCl Delay Time select 
bits can be set to logical "0". 











Master > 
Slice 

Register 
(1) 











Master 
Slice 

Register 
(2) 







baa aaieteie delay time, 
it will delay the start. 





Fig. 7-9 Start from Reset 
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7.7 Electrical Characteristics 
Mi ABSOLUTE MAXIMUM RATINGS 


Item Symbol Value Unit 


Supply Voltage Vcc -0.3 Vv +5.5 V 


-55 \ +125 a 


Input Voltage Vin -0.3 VVect0.3 | V 
Output Voltage -0.3 V Vect0.3 V 
Operating Temperature -20 v +75 °C 


Storage Temperature Tstg 


(NOTE) Permanent LSI damage may occur if maximum ratings are 
exceeded. Normal operation should be under recommended 
operating conditions. If these conditions are exceeded, 
it could affect reliability of LSI. 
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@ DC CHARACTERISTICS (Vcc=3.0+0.8V, Vss=0V,Ta=-20 V+75°C, typ means 
typical value at Vcc=3.0V unless otherwise noted.) 


Test ; ; 
Connect 
Input XTAL, XIN C;,=0.5uF : V 
"High" to Voy 
V 





< 


evel = [RES TNT, SB] [S—«*dSWec0.9 - | veo 
ae eee oe ames Cael a 
en a heal Some es 


Connect 
iapet XTAL, XIN Cy =0 . 5uF Vec-2.1 Vcc-1.8] Vv 
"Tow" to Vcu 


< 





= SO gy RR CR 
TE — Vv 
(Monitor Mode) 

Input Pull- < Leen =3V, je 

Up Current Rl Vin=0V B 


Input 

= a 
Leakage TIMER, SB re ce ae WA 
Current 


During 
System 
Operation 





f=400kHz, 
No load. 
Tested 
after set- 


At ting up 
Standby the inter- 
At A/D nal status 
Operation 











Current Crystal | At pAt Halt — 
Dissipation ioe ea 
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@ AC CHARACTERISTICS (Vcc=3.0t0.8V, Vgs=OV, Ta=-20V+75°C, typ means 
typical value at Vcc=3.0V unless otherwise noted.) 


Item Symbol | Test Condition | min | typ|max| Unit 
Operating Clock Frequency cee kHz 
External Clock Duty | Duty | = sss | 50] 55] he 


Oscillation Start Time (OSC1) toscf cae a p= | = |1s0 ms 
Oscillation Start Time (OSC2) tosc2 es aia eon i 


fn 


rar 
E |e 


Internal Capacitance OsCl EXTAL po - fa pF 
of the Oscillator osc? XOUT Weerares pF 
Delay Time of Oscillation ils 
(Program) 

genet Delay Tine Ye = Ts 
RES Fuse wath 2 eT 
THY Pulse Wideh em | f= 
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@ PORT CHARACTERISTICS 


Output 
Input 


Input "Low" Level Voltage 
Input Leackage Current Port A,B,C. 


v 
"Low" Level Voltage | ADCLK,CE,LIR Vy 
HALT, Port E,F oL Io,=200UA wk 
v 
V 


Output 


Input "High" Level Voltage 
Input “Low" Level Voltage 


@ LCD 


Output 


Output 


Out put 


Out put 


Item 


(Vec=3.040.8V, Vgg=O0V, Ta=-20.4+75°C, typ means 
typical value at Vcc=3.0V unless otherwise noted.) 


Symbol ‘Test Condition [min | typ | max Unit 
"Low" Level Voltage | Port A,B,C , Io, =1O0HA a | 0.3 | V 


"High" Level Voltage | Port A,B,C 
Port A,B,C 


Port D 
Port D 


eeaeanarien 


Se eentidnmeasaaaamunaeaanend 


aoe 
- 
ae 


ee cd 
eaaeaaeanR) MCE 


DRIVER OUTPUT CHARACTERISTICS (Vcc=3.0V, Vss=0V, Ta=20%+75°C, unless 


Item 


"High" Level Voltage 


"Low" Level Voltage 


"High" Level Voltage 


"Lew" Level Voltage 


Dividing Resistor 


Output 


Output 


392 


"High" Level Voltage 


"Low" Level Voltage 


otherwise noted.) 





Symbol _| Test Condition __|_min_| typ | max | unit 

_ Vi= 1.00V, V>= 2.00V ee ee 

Segment |VOH2 _ a "9 ae ‘ 
Vou3 BOP oe os |- | - | v 

re te eal 

Segment | Voz2 Vy= 1.00V, Vo= 2.00V Pet ee lao dew 
|_| Vous ae. | - |- jo2] v 
vo Mp isis 1s 

cee He {== v 

Your _| hee bee Poe 

Common Vi= 1.00V, Vo= 2.00V eae SS es . 
_ oz 

| «| Rucp_| Tested between Vi and V2] 45 [90 | 180 | k@ 
aE ee SE 
Segment | VoL La alae Output Pe el 0.3 , 
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Figure 7-10 Output Level of SEG and COM 


Common Output 





Segment Output 





Figure 7-11 Power Supply Circuit for LCD Display 
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@ A/D CONVERTER CHARACTERISTICS *(Vcc=3.0V, Vss=OV, Ta=-20°C V+75°C 


394 


unless otherwise noted.) 


Iten [symbol] Test Condition __ | min | typ | max | unit 

6s aes a teeraes Pessina fp bit 
Absolute Accuracy |__| Vpj=0.2V< Vinsvpye2.ov_[-2 | - | +2 | uss 

ES Se eas a ae a Nee 

Reference Voltage | "Low" side | vm | gg | | 
[Von - Vm, Ae | BT | 

Input Voltage ee nn ee v 
Range | input Dynamic Range|Vpyy | 2 | (Vg tov. 
Ladder Resistor (Vpy~ Vri) ae 40 | 80 | 160 | kQ 
Conversion Time REI a eae Se 
Programmable Judge Error || Vp=0.2v<Vin<vane2.ov |-4 | - | +4 | use 





* These value can be changed without notice, because they are provisional. 
Vss 0.2V Vec71.0V Vcc 


Converter 


Dynamic Range 





Analog Input Voltage 


(When the input voltage is 
in the dead zone, the 
result of the conversion 
is not guaranteed.) 


Figure 7-12 Dynamic Range of the Comparator 
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8. ROM Code Order Method 


User's programs are mask programmed into ROM by Hitachi to be 
shipped as LSI. Users are requested to hand in three EPROMs in which 
the same contents are written,order specifications,mask option list, 
*and list of the ROM contents. | 
Relationship between the address of the mask ROM and that of the EPROM 
is shown in Table 8-1. Write $FF for the unused address data of the EPROM. 


Table 8-1 Relationship between the Address 
of Mask ROM and that of EPROM 


Type name Address of Address of Remarks 
Mask. ROM EPROM 


$080 
e 
$F2F 
HD63L05F1 un 
| $FF3 | 
$FF4 $FF4 
$FFF $FFF 


EPROM is a HN482732 or equivalent product. 








User programs are 
e e g e 
written in this area. 











This area is used for 
the Self Check program 
by Hitachi. 












User supplied vectors are 
written into this area. 






© HITACHI 
396 


APPENDIX 


I. Design Procedure and Supporting Tool 


Cross assembler and Hardware emulator, containing various kinds of 


computers, are available as supporting systems to develop users! 


programs. Hitachi will mask program users' programs into ROM to ship them 


as LSI. 


Figure I-l shows a typical program design procedure. Table I-1l 


summarizes a set of system development supporting tool for the HD63L05 
MCU. 





Trial 
Production 
[=] 
Engineering @ 
Approval 








Allocation of ® 
RAM and 1/0, Text Editor 


Host Computer 


Cross Assembler 
Evaluation Kit 
Host Computer 





Hardware © Emulator 
Simulation Evaluation Kit 
a 





ae Yes 
Rae 
Yes 
Ma The following explains the system development procedure. 
38 
1. Specify functional assignment of I/O pins, and allocation of RAM 
area before starting programming. 

2. Design flowchart to implement the functions and encode this flow- 
chart with mnenic codes. 

3. Write the coded format on cards or a floppy disk. This set of 
coded form is a source program. 

4. Assemble the source: program to form an object program with an 
assembler on either a resident system(evaluation kit) or cross 
system. Then check errors out. 

5. Verify the program through hardware simulation by an aid of 
evaluation kit : 

6. Send the completed program in EPROM to Hitachi. 

7. After Hitachi received users' specified ROM pattern and options, 
Hitachi will pilot product sample LSI for users’ evaluation for 
the functions. If a user finds no problem in the sample LSI, 
Hitachi will start mass production of the LSI. 

Figure I-l1 Program Design Procedure 
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Table I-1 System Development Support Tool 


| IBM PC 
Type No. Evaluation Kit 
Cross Assembler 
HD63L05F1 H3L5EVT1 S35 IBMPC 
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Single Chip Microcomputer ROM Ordering Procedure 
(1) Development Flowchart 


Single chip microcomputer device is developed according to 


the following flowchart after program development. 


2 sets of EPROM 





















GQ) ROM code *1 
@ Mask Option List *2 Part specific 


%*3 Generic for Hitachi 
microcomputers 


@) Ordering Specifica- 
tions *3 










Computer processing 


The same ROM code as 
submitted 


Send it back after 
approving 





ROM code for confirma- 
tion of ROM fabricating 
specifications *4 


OK 


(@) Verification Listing 
*5 








3 pes 


*7 Start the following 
flowchart after approving 


*8 Send back signed working 
Sample approval form 


10 pes 


Working Sample (WS) 
* 





(5) Confirmation of func- 
tion, characteristics 
*7, *8 


6 
Engineering Sample (ES) . 
*Q 





Confirmation of func- 
tion, characteristics, 
quality 






OK 


Commercial Sample (CS) 


(END ) 


(Note) Please send: in@ ; Q) , and @)at ROM ordering, and send back @ ’ 6) 
after approving. 


Device Development Flowchart 
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(2) Data you send and precautions 


(a) Ordering specifications ----- Common style for all Hitachi 
single chip microcomputer 
devices. Please enter as 
for the followings. The 


format is shown in the next 


page. 


Basic ITEM 
Environment Check List 


Check List of attached data 


Customer 





(b) ROM code ----- Please send in the ordering ROM code by 2 
sets of EPROM the same contents are written. 
Enter ROM code No. in them. It is de- 
sirable to send in program list for easy 
confirmation of the program contents. 
(3) Change of ROM code | 


Note that if you change the ROM code once sended in or other 
specification, the ROM must be developed from the beginning. 


The cost of mask charge should be provided again in this case. 


(4) Samples and Mass production 


(Working Sample) -----~------ Sample for confirmation of the 
contents of ROM code and that 
of mask option. Normally 3 samples 
are sent, but not guaranteed as for 
reliability. Please evaluate and 
approve immediately because the 
following sample making and mass 
production are set about after 
obtaining your evaluation. 


(Engineering Sample) ------- Sample for evaluating also re- 
liability. 10 pecs are included 


in mask charge. 


(Commercial Sample) -------- Samples for pre-production which 
maybe purchased separately. 


(Mass Product) ------------- Products for actual mass produc- 
| tion. Please enter the plan of 
mass production in full. 
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HD63L05F1 
ORDERING SPECIFICATIONS 


(1) GENERAL CHARACTERISTICS (Fill in blank space or appropriate boxL_] ). 


Package Outline 
(See Section) [-] DP-40 [(] cp-44 


3.4.1 
[_] Fp-54 


Application Options/Remarks: 
(be specific) 


Customer 
ROM Code ID 


ROM Code |[_] EPROM oe eer _Customer Programmed Start Address | 
Media [] zraT ™ pee™y* Customer Programmed Stop Address 


Chere [_] Standard [_] J Specification (-40°C to +85°C), if offered 
[J] yes LJ No Previ0us ta IN aan 


(2) OPERATING CHARACTERISTICS 


ore ia . Target Level L_] 500 Fit ia] Pic aves) 


:; Acceptable [_] 1.0% C1 0.4% 
mi QuityLee! | oem EC) 


Power On Average | Hours/Day | Remarks: 
Duration 
Voltage To LSI Supply | 


(3) ELECTRICAL CHARACTERISTICS 




















For Hitachi Use Only 
(4) CUSTOMER APPROVAL (5) ROM CODE VERIFICATION 
Customer Named sr Type No. rf. 
DF ea ee a i | | 
Shipping Date of 
Accepted By (signature) i 
Approved Date of 
1 ROM From Customer 





Date 
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Date of Order 


Customer 


Dept. 
Accepted by 


ROM Code ID. 
LSI Type No. |HD63L05F 


HD6 3LO5F 
MASK OPTION LIST 


*® Select one type for each item 
and check @ 


Rete 
as 
PRU Seas 
eee | 
(1) OSC Option 

Select one type of OSCl option. | 

Type of.| Use of Genaseion Delay Time of Restart (Sec.) 
scr | osc2 oT ite [ 1/2 [| 1 
x] Stand-by ae ey 


XTAL | Used Mode 

Osc. Stand-by | Used | 
Danes Mode 
[ Used [osct at halt [OSC OR- 

CR OSCl1 at halt 

osc. Not *2 |Oscillation of 
aS _ 
*1 Crystal option of OSCl is not allowed to stop at halt. 


*2 If OSC2 is not used, the delay time is not accurate. 
*3 All CR option of OSCl allowed to use of stand-by mode. 
























(2) 1/0 Option 


Specify an 1/0 option for each terminal. 





Specify K-type if L-type is selected at LCD driver. 


Output without input pull-up PMOS. 
Output with input pull-up PMOS. 
Output for key scanning.- 

Open drain output. (Max. Vcc) 
Input without pull-up PMOS. 

Input with pull-up PMOS. 

A/D input. 

Segment output. 

Terminals for LCD display. 





Specify a type of LCD driver. 


L: 1/3 bias-1/3 duty LCD. 
S: Static LCD. 
P: Output Port. 





... Mask options indicated as Mare not available. ... 
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LCD Pin Location 


Or 
er 


<7) 


inal 


2) 


7) 
On 


“ 
4 


SEG SEG | SEG | SEG | SEG} SEG | SEG |SEG | SEG | SE 
10} ll} 12 14} 15} 16 18 | 19 


BTL Bee Ce ACER RC CEE GEOR Gr Chien Cee Rie LGE nie] 
m 
(2) 
+ 
“” . 
BOs eC er Ce) EE eee Ge CEM CE GUM EE GER EO eD tik iat] 
m 
ca o 
Bee Cee ee ee CCG OEE Ge PEE CUR GG ere eRe eee hella 
fa. 
L¢p) 
Be OCGA C HEE CER CG RIC Cee) Ie htiiieba dette iia 
Ps) 
(<2) 
Bee Cee EPC REPRO R CMEC EUG GGG CEEOL bie mae t bse 
fo} 
o 
oo 
& 
el 
& 
e 


segment Output Term 


i) 
oO 


= 
oO 
OO 
[aa 1 lo ladeslanle|nfolnfol-fala}s nfo|-fol~|ry}nfefnfolol afasfafe|nfolo|-dala}elnfolo|~lalofelalolol-jalefelabeloldale| |. 
wy oO eo 


i 
Col N eo —_T i 
. A 
Sa 0 Q 
= re) 


Regis 
LCD 
LCD 
LCD 
LCD 
LCD 
LCD 

OWRITE 

1/4-0SC 


LCD 
* Specify the combination of timing and segment output terminal for each bit of LCDI to LCD8 


* When static or output port is selected. The timing is fixed at COM1. So specify COM1. 
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@) HITACHI 


The indication of segments cannot be defined as Hitachi will connect 


unspecified segment to any registers to prevent circuit from malfunctioning. 


to put out those segments. 


(2) I/0 option. 
* Specify the LCD pin-location even in such a case as unused segments are provided, and program 


* Don't specify the timing or segment output terminal for the terminal A/D input is selected at 
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HD6305/HD63L05 SERIES HANDBOOK 


Section Six 


Software 
Application Notes 





HITACHI 
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FOREWORD 


The HD6305 is a family of 8-bit single chip CMOS microcomputers controlled 
by microprogramming. This family provides an easy to use instruction set 
by adding instructions for decimal adjustment and a low power consumption 


mode to those of the NMOS HD6805 FAMILY. 


APPLICATION NOTES summarize typical programs for the HD6305 FAMILY 
to help users better understand the instruction set and to provide them 


with references for making more customized programs. 


Programs described in APPLICATION NOTES have already been debugged. 


However, please be sure to check the operation in actual use. 
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Section 6 
Software Application Notes 
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< HD6305 FAMILY APPLICATION NOTES GUIDE > 
1. How to Use APPLICATION NOTES 


1.1 Formats 
APPLICATION NOTES consist of Formats 1 to 4, shown in Fig. 1.1. 


FUNCTION Format 2 — DESCRIPTION RAM Description 

ARGUMENTS Sample 
Application 

CHANGES IN CPU 

REGISTERS AND FLAGS Basic 
Operation 

SPECIFICATIONS 

Format 1 
DESCRIPTION Function Format 3 — FLOWCHART 
| petaits 
User Notes Format 4 — PROGRAM LISTING 


SPECIFICATIONS NOTES 


Format 4—e[— em [mmr [oom 


PROGRAM LISTING 


Format 3—e{_ sd me [er Teme 
LFLoMcHART 
Format 2—e[_ mm |r oom] 


Format 1— [evn [eran ome] 
[Function 


ARGUMENTS 
| Ancwers REGISTERS AND Lacs | SPECIFICATIONS 
@: Noe affected | Ro x tes) | 


* 3 Undefined 
(Bytes) 


Stack (Bytes) 





=i] 


SPECIFICATIONS NOTES 


Fig. 1.1 APPLICATION NOTES Formats 
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AIG 


Programs in APPLICATION NOTES can be implemented in two ways, i.e. 
(1) without change or (2) partially changed. Read the information that 


applies to the type of implementation to be carried out. 


(1) Without change 
(a) All of Format 1 
(b) RAM Description and Sample Application in Format 2 
(c) PROGRAM LISTING in Format 4 


(2) Partially changed (user originals) 


All of Formats 1 to 4 after reading these formats, change the 
FLOWCHART and PROGRAM LISTING according to user specification. 


- @HITACHI 


1.1.1 SPECIFICATION Format (Format 1) 


SPECIFICATION Format is represented in Fig. 1.2. It gives program 


functions and specifications. Each item in the format is described 


using Fig. 1.2. 


(2) (3) 


(1) ——_——» ITEM NUMBER AND PROGRAM NAME MCU /MPU HD6305 FAMILY LABEL toa 


(4) | ruNcTIoN 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
@ : Not affected ROM (Bytes) 


x : Undefined 


contents : Result RAM (Bytes) 


Location] Lgth. 


Stack (Bytes) 
Entry No. of cycles 


Re- 
Interrupt 


(8) | DESCRIPTION 


(1) Function Details 





(2) User Notes 


(9) SPECIFICATIONS NOTES 





Fig. 1.2 SPECIFICATION Format 
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(1) ITEM NUMBER AND PROGRAM NAME: 


Indicates item number and program name in APPLICATION NOTES. 
<Example> 


9. SHIFTING 16-BIT DATA \ 


Program name 





Item number 


(2) MCU/MPU: 


Indicates names of microcomputer and microprocessor family 


applicable to a program. 


<Examp le> 


(Teer 





HD6305 FAMILY A 


Microcomputer and microprocessor family name 
HD6305 FAMILY 





(3) LABEL: 


Indicates the name identifying program entry point. 


When using a program as it is, call the label "SHR". 


<Examp le> 


Entry point label: SHR 


(4) FUNCTION: 
Explains program functions. 


<Examp le> 


FUNCTION 


(a) Shifts 16-bit binary data in RAM to right. 


(b) Permits number of shifts to be freely determined. 


(c) Permits easy multiplication of 16-bit binary data by 2™" (n : number of 


shifts). 
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(5) ARGUMENTS: 


Explains entry arguments which must be set before execution of a 


program, and return arguments after execution. 


(a) Contents: 


Explains meanings of arguments. 


(b) Storage Location: 
Indicates registers and RAMs in which arguments are to be 


- set. The RAM is presented as a label followed by ''(RAM)". 


(c) Byte Length: 
Indicates byte length of the arguments. 


<Example> 


ARGUMENTS 
Storage Byte 
Contents Locacion 


16-bit 
binary 
SFT 2 
be (RAM) 
Entry| shifted 
Argu- to right 


ments 


Re- Shift 
turns! results 





(6) CHANGES IN CPU REGISTERS AND FLAGS: 





Explains changes in CPU registers after executing a program 
and flag changes of condition code register. Meanings of ab- 


breviations and symbols in the table are given as follows: 


(a) CPU register 
ACCA: Accumulator A 


IX: Index register 


(b) Flags of condition code register 


C: Carry/borrow flag (carry and borrow) 


Zero flag (Indication in case of 0) 


Z 
N: Negative flag (Indication in case of negative) 
I: Interrupt flag (Interrupt mask) 

H 


Half carry flag (Carry from bit 3 to bit 4) 
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(c) State of CPU registers and condition code register flags 


@ : Not affected: Maintains previous values after executing 


x $3: Undefined 


‘ : Result 


<Example> 


CHANGES IN CPU 
REGISTERS AND FLAGS 


@ : Not affected 
x 3 Undefined 
l : Result 


ACCA 





(7) SPECIFICATIONS: 


a program. 


: Does not maintain previous values after 


executing a program. 


: Be set with the result of executing a 


program. 


(Notes) 


In the example, after executing a program, 

contents of index register (IX), condition 

code register (CCR), bit C, bit N and bit Z 
will be destroyed. Thus, register contents 
which will be destroyed should be saved 


before executing a program. 


Explains a program specification. 


(a) ROM (Bytes): 
(b) RAM (Bytes): 


(c) Stack (Bytes): 


(d) No. of cycles: 


Indicates ROM capacity used in a program. 
Indicates RAM capacity used in a program. | 


Indicates stack size used in a program. The 
RAM capacity in this table does not include 
the stack size. When the program is executed, 
it is necessary to reserve the stack size in 


RAM. 


Indicates maximum number of execution cycles 
when MCU executes a program. Calculate the 


execution time of the program as follows: 


Execution time (sec) = Cycle number x cycle 


time 


Cycle time (sec)= 4/ (External oscillator (Hz)) 


@ HITACHI 


(e) Reentrant : Indicates whether a program has a structure which 
can be called from two or more routines at the 


same time. 


(f£) Relocation : Indicates whether a program can be located in 


any memory space. 


(g) Interrupt : Indicates whether MCU executes a program normally 
after serving an interrupt routine during program 
execution. If impossible, inhibit interrupt 


before the program is called. 


<Examp le> 


SPECIFICATIONS 


ee eee 
ae 
en aaa 
| io 


110 





















(8) DESCRIPTION: 


Explains detailed functions of a program and user notes. 


(a) Function Details : Gives an execution example and detailed 





functions of a program. 


(b) User Notes 


Explains notes and limitations when execut-— 


ing a program. 


* Be sure to read these items when using the 


programs without change. 
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<Examp le> 


‘DESCRIPTION 
(1) Function Details 


- (a). Argument details —  -b7_ oy 0 
: ‘ IX( $02) 
: Holds 16-bit binary data to Qo” f srr+1 bO 


be shifted to right. After arguments) (icseey EEE PEPE PET TE y 


SHR execution, contains shift 


; bl \bo 
Pera Oheseedian bette COUOGODOCoDOo00 
IX : Holds number of 16-bit binary id srtet 


_ data to be shifted to right. Fig. 1 Example of SHR 
execution 
(b) Fig. 1 shows example of SHR execution. If entry arguments are held as shown 
in part@ of Fig. 1, 16-bit binary data is shifted to right as shown in part 


@of Fig. l. 
(2) User Notes 


Be sure to hold data into IX within range of $01 < IX < $0F. 
When data outside this range is held, SFT (RAM) becomes "0". 





(9) SPECIFICATIONS NOTES: 
Explains notes on data process written in SPECIFICATIONS (7). 


<Example> 


SPECIFICATIONS NOTES | 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 





shift 16-bit binary data to right by 7 bits. 
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1.1.2 DESCRIPTION Format (Format 2) 


DESCRIPTION Format is represented in Fig. 1.3. It gives remaining 
Function Details, User Notes, RAM Description, Sample Application, and 
Basic Operation. 


Each item in the format is described using Fig. 1.3. 


f—(2) pr (3) 
0) [remem a moore [oie | erro] 


(4) —»[pescnrrrion 


(3) RAM Description 


(4) Sample Application 


(5) Basic Operation 





Fig. 1.3 DESCRIPTION Format 
(1) ITEM NUMBER AND PROGRAM NAME 
Same as SPECIFICATION 
(2) MCU/MPU Format 


(3) LABEL 
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(4) DESCRIPTION: 
Gives RAM Description, Sample Application, and Basic Operation 


(a) RAM Description: Explains label and meaning of the RAM used in a 


program. 


<Examp1le> 


9. SHIFTING 16~-BIT DATA MCU /MPU HD6305 FAMILY LABEL } sa | 


DESCRIPTION 


(3) RAM Description 


Label bes 
b7 Description 


16-bit binary data to be shifted to right 
byt : : 8 
Set Upper ‘byte 1s stored before execution. 


Lower byte Shift result is stored after execution. 





(b) Sample Application: Gives a sample application in actual use. 


<Example> 


(4) Sample Application 
SHR subroutine is called after number of shifts and 16-bit binary data to be 
shifted to right are held. 


WORK1 = RMB 2 =—&o *H==== Reserves memory byte for 16-bit binary data. 


_ WORK 2 ----- Reserves memory byte for number of shifts. 


WORK3 § $$ RMB 2  =—«o ==e== Reserves memory byte for 16-bit binary 
shift results. 

WORK 4 Reserves memory byte for register contents 
saving. 


WORK4 = ----- Saves register contents that will be 
destroyed by executing SHR. 
LDA WORK1 


STA SFE jl Stores 16-bit binary data to be shifted 

LDA WORK 1+1 into right in entry argument (SFT). 

STA SFT+1 

LDX WORK2 8 ----~ Loads number of shifts into entry argument 
(1X). 


| JS SHR | Calls SHR subroutine. 


LDA SFT 

STA WORK3 Stores shift results regarding 16-bit 
LDA SFT+1 f[ binary (return argument (SFT)) in RAM. 
STA . WORK3+1 


aananareat Restores register. 
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(c) Basic Operation: Indicates operating principles of a program. 


<Example> 


nN 


(5) Basic Operation 


(a) Upper 8 bits in 16-bit binary are shifted to right. 


Here LSB is rotated 
to bit C. Lower 8 bits are then rotated to right. 


At this time, LSB in 
bit C is rotated to MSB of lower 8 bits. 


(b) IX is used to keep track of number of shifts. IX is decremented each time 


(a) is executed. (a) is looped until IX is "0". 
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1.1.3 FLOWCHART Format (Format 3) 


FLOWCHART format is represented in Fig. 1.4. It gives a program 


flowchart. Each item in the format is described using Fig. LAs 





(1) (2) | (3) 
[Freres rcarsaw [wees [wens omer [oa 
(4) —-[ "rowan 





Fig. 1.4 FLOWCHART Format 
— Q) ITEM NUMBER AND PROGRAM NAME 


(2) MCU/MPU | Same as SPECIFICATION Format 


(3) LABEL 
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(4) FLOWCHART : 


Comments on the flowchart are described in the column on the right. 


<Example> 


9. SHIFTING 16-BIT DATA MCU /MPU HD6305 FAMILY | LaBen | sun | 














Shifts upper 8 bits in 16-bit binary to 
right, and shifts LSB to bit C. 


Shift (SFT) 
1 bit right 
Rotate (SFT+1) 
1 bit right 












Rotates lower 8 bits in l6-bit binary to 
right. Rotates LSB of upper 8 bits to MSB 
of lower 8 bits. 









Decrements shift counter. 










Tests if shift is completed. 


a a od 
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1.1.4 PROGRAM LISTING Format (Format 4) 


PROGRAM LISTING Format is represented in Fig. 1.5. Each item in 
the. format is described using Fig. 1.5 


(1) (2) (3) 


(4) 





Fig. 1.5 PROGRAM LISTING Format 


(1) ITEM NUMBER AND PROGRAM NAME 
(2) MCU/MPU | Same as SPECIFICATION Format 
(3) LABEL 
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(4) PROGRAM LISTING: 


<Examp le> 


9. SHIFTING 16-BIT DATA MCU /MPU HD6305 FAMILY | LABEL | SHR | 


PROGRAM LISTING 


(a) JOIOICROIOIOIOIOI OR IOI OIDIOIOI IOI OIOIOI IOI IO IOIOIIOIGIDIIDIDI IOI IOI IO HOI IE 
* 
* NAME : SHIFTING 16-BIT DATA (SHR) ™ 


Ga : 
NOROIORONCIOROROIOROROIOR IOI RORCRORO NORIO IROIORC ICOROFORC ROH ICRC NCIC RCC ICICI ICRC C206 08 9G 2c 

* «me 

(c) * ENTRY : SFT (€16-BIT BINARY DATA) * 
IX (SHIFT COUNTER) ™ 

* RETURNS : SFT (16-BIT BINARY DATA) x 

« * 
JAOROHOIOROIOOROIOIOIOROIONOROIORORORCROROIROROROROROEC ROI IONIC RO RC IRONIC IC I IC RORC IC NCIC ICC NC 2 ik 


ORG $80 
RMB 2 16-bit binary data 


ORG $1000 


EQU ™ Entry point 

LSR SFT Shift upper byte to right 
ROR SFT+1 Rotate lower byte to right 
DEC X Decrement shift counter 

BNE SHR Loop until shift counter = 0 





(a) NAME: Name of a program. ( ) means entry point label. 
(b) ENTRY: shows storage location and contents of entry arguments. 


(c) RETURNS: shows storage location and contents of return 


arguments. 


(d) SHR: shows entry point label. 
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1.2 How to Execute Programs 


Relation between the programs in APPLICATION NOTES and user program 

is shown in Fig. 1.6. All programs in APPLICATION NOTES are formed as 

| | oy 
subroutine, they should be proceeded as shown in Fig. 1.6 and (1) to 


(5) on the next page. 


An example of a user program in which a program in APPLICATION 


NOTES is accessed as a subroutine is shown in Fig. 1.7. 


User program 

































o 
Program in 
APPLICATION NOTES 

t 
(2) | Hoedments” 
| JSR FILL 
(3) ca11 subroutine BATT Cone tant 
w 
arguments 
° 





Fig. 1.6 Relation between User Program and Program in APPLICATION NOTES 


User program 
| 
| 


LDA WORK1 


STA BLNG ----- Holds entry arguments in user's program. 
LDA WORK2 
LDX WORK3 


| JSR FILL | ee Calls a program. 


Note) In the programs in APPLICATION NOTES, 
registers are saved when used as work areas 


and not as arguments. 


Fig. 1.7 Example Showing How to Execute a Program 
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(1) 


(2) 


(3) 


(4) 


(5) 


Save register contents that will be destroyed by program execution. 


CPU registers used in the programs may return to the user 
program while destroying the contents of the registers. Thus, 
registers should be saved, if necessary. Refer to the ''CHANGES 
IN CPU REGISTERS AND FLAGG" in SPECIFICATION (Format 1) for the 


register conditions after a program is executed. 


Hold entry arguments 


Hold entry arguments to the CPU registers or a particular address 
in the memory before calling a program in the user program. 
Refer to "AGRUMENTS" in the SPECIFICATION (Format 1) for entry 


arguments to be held. 
Call subroutine 

A program is called. 
Contain return arguments 


After a program is executed, the result contained in the return 
arguments must be handled according to the user's purpose. 


Refer to "ARGUMENTS" in the SPECIFICATION (Format 1) for results. 
Restore register 


Registers saved in (1) are restored here. When (1) is operated, 


(5) must also be operated. 


Moreover, note that when a program is used as a subroutine, the 
stack area shown in the "SPECIFICATION" (Refer to (7) inFig.1.2) is 
necessary in addition to that for the subroutine call in the user 
program. When a subroutine is called, the above stack area must be 


assured. 
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1.3 Symbols 


Symbols and abbreviations used in APPLICATION NOTES are defined as 


follows. 


(a) Operation 


(b) 


(c) 


(dd) 


() 
« »Y 


+ 


xXIBe < >™~ 


= Contents 


= Index register addressing 


= Data transfer direction 


= Addition 

= Subtraction 

= Multiplication 
= Division 

= AND 

= OR 

= Exclusive OR 


= NOT 


Register symbols in MCU/MPU 


ACCA = Accumulator A 
CCR = Condition code register 
IX = Index register, 8 bits 


Contents of bits 0 through 4 of condition code register 


C = Carry or borrow 

Z = Zero 

N = Negative 

I = Interrupt mask 

H = Carry from bit 3 to bit 4 
Others 

= = Equal sign 

# = Not-equal sign 

> 


f 
i! 


= Comparison signs 


ASCII inside ° ” 


Hexadecimal data 


Labels of sequential addresses 
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bit 
bit 
bit 
bit 


ZX WwW NO fF CO 
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Item 


oa 


~ 
\o 


21 


N 
(>) 





PROGRAM APPLICATION TABLE 


FILLING CONSTANT VALUES 


MOVING MEMORY BLOCKS 


MOVING STRINGS 
BRANCHING FROM TABLE 


CONVERTING ASCII LOWERCASE INTO 
UPPERCASE 







CONVERTING ASCII INTO 1-BYTE 
HEXADEC IMAL 


CONVERTING 8-BIT BINARY DATA 
INTO ASCII 


COUNTING NUMBER OF LOGICAL "1" 


BITS IN 8-BIT DATA 


ADDING 16-BIT BINARY DATA 
ADDING 8-DIGIT BCD 


CONVERTING 2-BYTE HEXADECIMALS 


INTO 5-DIGIT BCD 





CONVERTING 5-DIGIT BCD INTO 


2-BYTE HEXADEC IMALS 


SORTING , | 





ho 
\O 


oN 
> 


Label Page 


NO 
> 


FILL 


MOVE 


Ww 
oN 


MOVES 


CCASE 


FP») 
© 


TPR 


wn 
> 


NIBBLE 


> 
No 


wm 
oO 


COBYTE 


HCNT 


> 


DECNT 


0o 
wn \o 


nt 
es 


SQRT 121 
HEX 127 
BCD 132 
SORT 139 
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FILLING CONSTANT VALUES _ MCU/MPU HD6305 FAMILY LABEL | FILL 


FUNCTION, sd 





(a) Stores one-byte constant in RAM using direct page addressing. 
(b) Permits RAM and byte length to be freely selected. 


(c) Permits easy clearing of RAM. 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
@ : Not affected ROM aera 


x. : Undefined 


Contents | at [ : Result RAM cro 


Constant Stack a 
Byte 
Length No. of cycles 


Interrupt 





DESCRIPTION 
(1) Function Details 


(a) Argument details a 
ACCA: Holds one-byte constant in RAM using direct page addressing. 
BLNG (RAM): Holds byte length of constant. 
IX : Holds start address of RAM using direct page addressing. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 


write constant in 16-byte RAM. 


© HITACHI 
434 | 


FILLING CONSTANT VALUES MCU /MPU HD6305 FAMILY FILL 


DESCRI | DESCRIPTION = 


(b) Fig. 1 shows example of FILL - 

: 7 epeeyt b7 acca bO 

tion. 
If entr i Entry ING 

y arguments are as shown in ntry Dea Ears 

; ' oo) ss arguments 

part @of Fig. 1, $57 in ACCA is - 

stored in RAM as shown in part aa a 


@) of Fig. 1. 


(2) User Notes 
(a) As BLNG (RAM) is only one byte in 
length, its data must be between $01 







Y 

and $FF ($01<BLNG<$FF) . ats $90 WY). 
(b) Do not set BLNG (RAM) to "0", or FILL ax) 

will not execute. @ Result Byte length 
(c) BLNG (RAM) is located in internal Constant ($0A) 

($57) BLNG (RAM) 
RAM. Be careful not to overwrite (ACCA) 
sol, 


BLNG (RAM) with FILL. 





Caer 
lilly 


Fig. 1 Example of FILL execution 


(3) RAM Description 


Label RAM | Description 
b7 bO 


[jt Byte length is stored in RAM with 
BLNG ‘one-byte constant "BLNG". 
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FILLING CONSTANT VALUES MCU /MPU HD6305 FAMILY LABEL | FILL 


| DESCRIPTION ssi 


(4) Sample Application 
FILL subroutine is called after source start address, destination address and 
length of RAM to be filled are held. 


WORK 1 RMB 1 ae Reserves memory byte for byte length. 

WORK 2 RMB 1 ----~ Reserves memory byte for constant. 

WORK3 RMB lo een Reserves memory byte for start address. 
LDA WORK1 Stores byte length into entry argument 
STA BLNG ~~ (BLNG). 
LDA WORK2 ----- Loads constant into entry argument (ACCA). 
LDX WORK3 ~---- Loads start address into entry argument 

(IX). 


| JSR FILL | pices Calls FILL subroutine. 


(5) Basic Operation 


(a) IX is used to indicate address in RAM where constant is stored. 

(b) Constant in ACCA in index addressing mode is stored in RAM in order. 

(c) BLNG (RAM) is used to indicate byte length of constant. It is decremented 
each time constant is stored, until BLNG (RAM) is "0". 
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1. FILLING CONSTANT VALUES MCU/MPU HD6305 FAMILY LABEL | FILL 


FLOWCHART 


Stores constant in entry argument in RAM 
indicated by IX. 


Increments pointer indicating address in 
RAM where constant is to be stored. 


Decrements byte length counter. 


Tests if operation is completed. 
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FILLING CONSTANT VALUES » MCU /MPU HD6305 FAMILY LABEL | FILL 


| PROGRAM LISTING LISTING 


00001 SROROROROR ROR OIOROK IOIOIOR ORO OIOIOR IOROFOK OO OIOROIOIOIC MOR IOIOROI MOH IO ORI HOCH HC ok 
00002 * * 
00003 * NAME : FILLING CONSTANT VALUE <FILL) * 
00004 * * 
0000S (OCICIOIOOIOIOIOIOR IO OR OOOO IOI IGOR III IOI KKK OK ICAOK aK 
00006 * | 
00007 »* ENTRY : ACCA (CONSTANT) * 
00008 * BLING (BYTE COUNTER) 2 
00009 * rx CSTART ADDR) * 
00010 * RETURNS : NOTHING > 
00011 * * 
00012 FOR IOIOIOIOK IORI IO IOI IORI IO III IO IORI I OIOI IIR IOI OI OK HOI KOK 
00013 * 

00014 0080 ORG $80 

00015 * 

00016 0080 0001 BLNG RMB 1 Byte counter 

00017 * 

00018 1000 ORG $1000 

00019? * 

00020 1000 FILL EQU * Entry point 

00021 1000 F? STA 0.X Store constant 

00022 1001 SC INC x Increment ADOR 

00023 1002 3A 80 DEC BLNG Decrement byte counter 
00024 1004 26 FA BNE FILL Loop until byte counter = 0 
0002S 1006 81 RTS 


@ HITACHI 
438 


MOVING MEMORY BLOCKS MCU /MPU HD6305 FAMILY MOVE 


FUNCTION 









selected in the memory. 












x : Undefined 


content | : Result 






Storage Byte 
Location | Lgth. 


ee 
start 
address 





Destina- 
tion 
start 
address 


Byte MCNT 
length (RAM) 
LE 


| DESCRIPTION | 








(1) Function Details 


(a) Argument details 


(a) Moves data block in memory to RAM using direct page addressing. 


(b) Permits data block length and source and destination addresses to be freely 


CHANGES IN CPU SPECIFICATIONS 


REGISTERS AND FLAGS 
@: Not affected 











ROM ae 


RAM om 


Stack a 


No. of cycles 
















SOA (RAM) : Holds source start address in 2-byte hexadecimals. 
DEA (RAM) : Holds destination start address in l-byte hexadecimal. 
MCNT (RAM): Holds length of data block to be moved in 1-byte hexadecimal. 


SPECIFICATIONS NOTES 


"No. of cycles" 


16-byte data move. 
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MOVING MEMORY BLOCKS McU/MPU HD6305 FAMILY LABEL | MOVE 


| DESCRIPTION = 


(b) Fig. 1 shows example of MOVE execu- 
tion. 
If entry arguments are as shown in 
part @) of Fig. 1, data in source 
($1000 - $1009) is moved to destina- 
tion ($90 - $99) as shown in part @) 
of Fig. l. 


(2) User Notes 


(a) As MCNT (RAM) is only one byte in 
length, its data must be between $01 
and $FF ($01<MCNT<$FF). 

(b) Do not hold MCNT (RAM) to "0", or 
MOVE will not execute. 

(c) MOVE is located in internal RAM. 

Do not move data block to RAM 
where MOVE is stored, or execution 
can not be stopped. 

(d) Hold entry arguments so that source 

2(A)) and destination 

2©)) do not overlap. 

If they do, the source data in 


area (Fig. 


area (Fig. 


overlapping area (Fig. 2()) will be 
destroyed. 


b15 soa soati bO 


argument 


$ 
i b7 DEA bO 
@Entry joey [oT a | 
Cc 







Destinationf 


Start -, $90 
address ‘ ‘ 
DEA (RAM) Destination 
data block 
$99 
(2) Result 
Source 
start—$1000 
address Source 
SOA (RAM) srArdata 
| block 
$1008 
Byte length 
to be moved 
MCNT (RAM) 
Fig. 1 Example of MOVE execution 


Address space 


Source 
start 
address 


Destination 
start 
address 





Fig. 2 Example of overlapping 
source area with destination 
area 
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2. MOVING MEMORY BLOCKS MCU /MPU HD6305 FAMILY LABEL ; MOVE 


DESCRIPTION 
(3) RAM Description 


Label RAM ae 
b7 bO Description 






SOA Upper byte ; ; 
Source start address is stored in 2-byte 


Lower byte hexadecimals. 


Destination start address is stored in 
l-byte hexadecimal. 


Length of byte to be moved is stored 


in l-byte hexadecimal. 


Instruction codes shown here are stored 
by MOVE. 

Source data is loaded into ACCA by 
calling this area as subroutine. 


Work area is reserved to save contents 
of register IX. 
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2. MOVING MEMORY BLOCKS 
DESCRIPTION 


(4) Sample Application 





mcu/MPU | HD6305 FAMILY | LABEL| MOVE 


MOVE subroutine is called after source start address, destination start 


address and length of byte to be moved are held. 


-WORKI RMB 200 Reserves memory byte for source start 
. address. . 
WORK2 RMB Loo eee Reserves memory byte for destination 


start address. 
WORK 3 | RMB 1 ee Reserves memory byte for loading byte 
| length to be moved. | 
WORK 4 RMB 2 Sea Reserves memory byte for register 


contents saving. 


STA WORK4 Saves register contents that will be 
STX WORK 4+1 } oo destroyed by executing MOVE. 

LDA WORK1 

STA SOA {_ , Stores source start address into entry 
LDA WORK1+1 argument (SOA). 

STA SOA+1 

LDA WORK 2 Stores destination start address into 
STA DEA } —_. entry argument (DEA). 

LDA WORK 3 } abe ig Stores length of byte to be moved into 
STA MCNT 


entry argument (MCNT). 


| JSR MOVE | ----— Calls MOVE subroutine. 


LDA WORK4 } 
LDX WORK4+1 


= Restores register. 
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2. MOVING MEMORY BLOCKS MCU /MPU HD6305 FAMILY MOVE 


DESCRIPTION 


(5) Basic Operation 


(a) In the HD6305 family, IX is one byte in length. However, index addressing 
can be performed with source start address of 2 bytes by calling the 


subroutine shown in Fig. 3. 


MSUB LDA DISP, X) Stores instruction codes for the 
RTS program into RAM as follows. 
{) 
Label RAM Description 
WML 







MSUB $ D6 

DISP H *1 

DISP L *? 
$81 


ULL 


Instruction code for LDA DISP, X 


« Instruction code for RTS 


(Notes) *1: Store the upper byte of the start address in DISP H. 
#2: Store the lower byte of the start address in DISP L. 


Fig. 3 Details of instruction in RAM 


(b) IX is used to indicate source and destination addresses, which are 
alternately loaded into IX. 

(c) Source data is loaded into ACCA by calling the subroutine shown in Fig. 3. 
Then, IX is saved, destination address is loaded into IX, and data in ACCA 


is moved to destination using index addressing mode. 





(d) MCNT (RAM) is used to indicate length of byte to be moved. It is decrimented 


each time (c) is executed. (c) is looped until MCNT is "0". 
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2. MOVING MEMORY BLOCKS MCU/MPU -  HD6305 FAMILY © LABEL | MOVE 


FLOWCHART 


MOVE 


= 
o 
< 
ts 


pokey eet 


$D6—MSUB 


Stores LDA operation code, destination 
start address and RTS operation code so 
that "LDA DISP,X" and RTS can be 
executed in RAM. 


(SOA)~MSUB+1 


( SOA+ 1 )~MSUB+ 2 


$8 1—~7MSUB+3 


Clears source address pointer. 
0-S PNT eae 


Loads source address pointer into 
IX. 


(SPNT)7~IX 


MSUB | ---- 
(DEA)71X ~-+- 


(ACCA) >€IX) 


(DEA)+1—DEA ees 
| (SPNT)+1—-SPNT Leeder 
(MCNT )—1—-MCNT rhs aie 


(MCNT)=0 


* 


MSUB | 


MSUB 


CSOA+I1X)J—ACCA 


Loads source data block into ACCA. 







Loads destination address into IX. 


Stores source data in destination area. 


et a 


Increments destination address. 


Increments source address pointer. 


Decrements counter indicating byte 
length. 


Tests if move is completed. 






Executes LDA DISP,X in RAM and 
loads source data into ACCA. 





(Note) | * MSUB does not appear in the PROGRAM LISTING because it is stored in RAM. | 
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MOVING MEMORY BLOCKS MCU /MPU HD6305 FAMILY LABEL | MOVE 


| PROGRAM LISTING | LISTING 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00931 
00032 
00033 
00034 
00035 
00036 
90037 
00038 
00039 
00040 
00041 
00042 


0080 


0080 
0082 
0083 
0084 
0088 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
100C 
100€ 
1010 
1012 
1014 
1016 
1018 
1019 
10168 
1019 
101F 
1021 


ROR IOHORORO HOO IE ICCC HOHE ICRC HC DC DC DC DIK DIC DIC ORC OIC RC RC ICRC IC OS DIC OIC DIC ICC HC DIK IC ICCC HC IC DIC 2 


* 


* 





* NAME : MOVING MEMORY BLOCKS (CMQVE) * 
* *— 
OK HOO HORE OHO HOH CHOICE HORII HCC HC ECC IC CIC IC HC RC IC IC DIC DIC DIC IK DIC IK IC OIC CICK KCK IC iC 
»* * 
* ENTRY : SOA CSOURCE ADDR) *« 
* DEA (DESTINATION ADDR) * 
* MCNT CTRANSFER COUNTER) * 
* RETURNS : NOTHING *« 
* * 
WE AC HC AC ICRC DIC HC DIC IC IC DIC ICRC HC RC IC DIK DIC RC DIC DIC RC OIC EC DIC IK DIC DC OIC IC CIC IC HC IC IC DIC DIK DIK IC IC DIK CC COI 2K 
* 
ORG $80 
*« 
SOA RMB 2 Source ADOR 
DEA RMB 1 Destination ADDR 
MCNT RMB I Transfer counter 
MSUB RMB 4 Work area far subroutine 
SPNT RMB } Relative data of source ADDR 
ba 
ORG $1000 
« 
MOVE EQU * Entry point 
LDA #ED6 Store instruction code (LDA Disp.X) 
STA MSUB 
LOA SOA Store source ADDR CH) 
STA MSUB+1 
LOA SOA+1 Store source ADDR (LL) 
STA MSUB+2 
LDA #$81 Store instruction code CRTS) 
STA MSUB+3 
CLR SPNT Clear relative data of source ADDR 
MOVE1 LOX SPNT Load relative data of source ApOR 
JSR MSUB Load transfer data 
LOX DEA Load destinatian ADDR 
STA Q.xX Store transfer data 
INC DEA Increment destination ADDR 
INC SPNT Increment relative data of source ADDR 
DEC MCNT Decrement transfer counter 
BNE MOVE 1 Loan until transfer counter = Q 
RTS 
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MOVING STRINGS MCU/MPU HD6305 FAMILY LABEL MOVES 


FUNCTION, sid 


(a) Moves data block in memory to RAM using direct page addressing. 
(b) Terminates moving process when terminator $00 is found in data table. 


(c) Permits source and destination addresses to be freely selected in the 


memory. 
| CHANGES IN CPU 
ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 


















: Not affected 
: Undefined 


: Result 







ROM a 
RAM aso 
Stack a 


or oF evetes | 
[Recent 
a_i 














contents | See ee 


ae | soas , 
address ( ) 
Entry} Destina- 
. tion DEAS l 
| start (RAM) 
- Argu- 
address 
ments 
‘ ae 


| DESCRIPTION 



















(1) Function Details 


(a) Argument details 
SOAS (RAM) : Holds source start address in 2-byte hexadecimals. 
DEAS (RAM) : Holds destination start address in l-byte hexadecimal. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 


put terminator at the 16th byte. 
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MOVING STRINGS MCU /MPU HD6305 FAMILY LABEL | MOVES 


[DESCRIPTION ss 


(b) Fig. 


tion. 


1 shows example of MOVES execu- 


If entry arguments are as shown in 
part G)of Fig. 1, data in source 
($1000) is moved to destination ($90) 


b15 soas — soas-1_ BO 
Entry CS$1aqn) D0 

b/7_ DEAS 
ee oie a 






as shown in part @) of Fig. 1. When Bae aden 
it loads terminator $00, MCU address : 
DEAS (RAM) Destination 
terminates moving process. data block 
(2) User Notes @ Result 
4 S 
(a) Source data must not contain any $00 ree eis 
‘ . address 

function other than terminator. SOAS (RAM) Source data 
(b) MOVES is located in internal RAM. block 

Do not move data block to RAM a] 

h UES Seo RA t | 80) _| Terminator: 
where is held, or execution ZZ} indicating 
can not be stopped. end of data 

block 
(c) Hold entry arguments so that source 
area (Fig. 2(A)) and destination area Fig. 1 Example of MOVES execution 


(Fig. 2©) do not overlap. If they 
do, the source data in overlapping 
area (Fig. 2(8)) will be destroyed. 
(d) Amount of data block that can be 
moved is MCU address space using 
direct page addressing minus 8-byte 


RAM used by MOVES. 


Address space 


Source 
start 
address 


Destination 
start 
address 





2 Example of overlapping 
source area with destination 
area 


Fig. 
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. MOVING STRINGS 


DESCRIPTION 


(3) RAM Description 


MCU/MPU | HD6305 FAMILY LABEL | MOVES 


Label ,5 RAM b0 Description 


SOAS Upper byte . . 
Source start address is stored in 2-byte 


Lower byte hexadecimals. 


DEAS. Destination start address is stored in 
: l-byte hexadecimal. 
MSSUB | 
i Instruction codes shown here are stored 
by MOVES. Source data is loaded into 


ACCA by calling this area as subroutine. 


Work area is reserved to save contents 


SOPNT of register IX. 





(4) Sample Application 
MOVES subroutine is called after source start address and destination start 


address are held. 


WORK1 RMB 2 ge Reserves memory byte for source start 
| | address. _ | | 
WORK 2 RMB Lo Reserves memory byte for destination 
_ start address. 
WORK3 RMB , a eis cs Reserves memory byte for register contents 
‘ saving. 
STA WORK3 } ee, Saves register contents that will be 
STX WORK3+1 destroyed by executing MOVES. 
LDA WORK1 
STA SOAS ___. Stores source start address in entry 
LDA WORK1+1 argument (SOAS). 
STA SOAS+1 
LDA WORK 2 } oes eete Stores destination start address in 
STA DEAS entry argument (SOAS). 


[| JSR MOVES} = ----- Calls MOVES subroutine. 


‘LDA WORK 3 


LDX WORK3+1 f[ Restores register. 


e 
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MOVING STRINGS MCU /MPU HD6305 FAMILY LABEL | MOVES 


| DESCRIPTION sd PTION 
(5) Basic Operation 


(a) In the HD6305 family, IX is one byte in length. However, index addressing 
can be performed with source start address of 2 bytes by calling the 


subroutine shown in Fig. 3. 


MSSUB LDA DISP,X | rere instruction codes for 
RTS the program in RAM as follows. 
Y 
Label RAM 


WML Description 


MSSUB 





Instruction codes for LDA DISP, X 


DISP L *2 


$81 «Instruction code for RTS 


Yuu 


(Notes) *1: Store the upper byte of the start’ address in DISP H. 


*2: Store the lower byte of the start address in DISP L. 


Fig. 3 Details of instruction in RAM 


(b) IX is used to indicate source and destination addresses, which are 
alternately loaded into IX. | 

(c) Source data is loaded into ACCA by calling the subroutine shown in Fig. 3. 
ACCA data is tested if it is terminator. If so, MOVES is terminated. 


If not, moving process continues until the terminator is found. 
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3. MOVING STRINGS 





FLOWCHART | 


MOVES 


MOVES 


$D6—-MSSUB 


(SOAS)—MSSUB+1 
(SOAS+1 )-*MSSUB+2 
$81—7MSSUB+3 


0—-SOPNT 


MOVES} 
(SOPNT)—IX 


MSSUB 


(ACCA) =$00 





CACCA) = $00 
MOVES2 | 


(ACCA)#$00 


(DEAS )—IX 
(ACCA)>~( IX) 
(DEAS )+1—DEAS 


CSOPNT)+1-—->SOPNT 





MSSUB 


MS SUB 


(SOAS+IX)—~ACCA 


RTS 





(Note) 
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MCU /MPU  -HD6305 FAMILY LABEL | MOVES | 


that LDA DISP,X and RTS can be 


Stores LDA operation code, destination 
___.| start address, RTS operation code so 
executed in RAM. 


Clears source address pointer. 
- Loads destination address pointer into 
I : 7 


X. 


_ 


source data block into ACCA. 


Loads destination address into IX. 
Stores source data in destination area. 


Increments destination address. 


a Tests if. source data is terminator 
($00) or not. If so, terminates MOVES. 


Increments source address pointer. 


_.._. Executes LDA DISP,X in RAM and 
loads source data into ACCA. 


* MSSUB does not appear in the PROGRAM LISTING because it is stored in RAM. 
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3. MOVING STRINGS 


PROGRAM LISTING 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
0001S 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
90039 
00040 


0080 


0080 
0082 
0083 
0087 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
100C 


100€E 


1010 
1012 
1014 
1016 


1018 


101A 
1018 
101D 
101F 
1021 


0002 
0001 
0004 
0001 


1000 


Aé 
B? 
B6é 
B? 
Bé 
B? 
A6 
B? 
3F 
BE 
BD 
27 
BE 
F? 
3C 
3C 
20 
81 


Dé 
83 
80 
84 
81 
85 
81 
86 
87 
87 
83 
09 
B82 


B2 
87 
Fi 


MCU /MPU HD6305 FAMILY LABEL | MOVES 


ROI IORI IO III OIOR OROROI HOR OK ORO ORO OIOROHOHOHOROHOHOHO OHO IOHCOHOK CHO IC 


* 


* 


* NAME MOVING STRINGS (MOVES) * 
bad ~— 
ORO IOI OK OIOROROIOROIOHOFRORO FOR OHI ROR OKI HORI HOR IOROHOROHOOIIOOIOIOROFCOI OHO IO OOKOIC KC 
*“ ™ 
* ENTRY SOAS CSOURCE ADDR? * 
* DEAS CDESTINATION ADDR) * 
> RETURNS : NOTHING * 
* . > 
DOROIOIOIOROK IO HOROIOIOFO RO HOFOHOHOHOMOIOIOIOHOIOI IC IOI HO ROHO OIRO IC HOHOROHOIC ICH IC 0K 
* 
ORG $80 
*« 
SOAS RMB 2 Source ADDR. 
DEAS RMB 1 Destination ADOR. 
MSSUB RMB 4 Work area for subroutine 
SOPNT RMB J Relative data of source ADDR 
* 
ORG $1000 
* 
MOVES EQU * Entry point 
LDA #$D6 Store instruction code (LDA Disp.X) 
STA MSSUB 
LDA SOAS Store source ADDR CH) 
STA MSSUB+] 
LDA SDAS+1 Store source ADDR ¢(L) 
STA MSSUB+2 
LDA #$81 Store instruction code (RTS) 
STA MSSUB+3 
CLR SOPNT Clear relative data of source ADDR 
MOVES] LOX SOPNT Load relative data of source ADDR 
JSR MSSUB Load transfer data 
BEG MOVES? Branch if transfer sata = 0 
LOX DEAS Load destination ADDR 
STA 0.x Store transfer data 
INC DEAS Increment destination ADDR 
INC SOPNT Increment relative data of source ADDR 
BRA MOVES1 Branch MOVES 


MOVES2 RTS 
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4. BRANCHING FROM TABLE | ~ MCU/MPU --4D6305 FAMILY | LABEL | CCASE | 
FUNCTION | — 


(a) Stores service routine start address in RAM corresponding to the l-byte 












command in RAM. 









(b) permits easy decoding and processing of keyboard and other data inputs. 


| @ : Not affected 
P No 























x : Undefined 





Storage Byte 
}—contance tee | es. 
comms | 
Data 
Ent 
ed table 9 
start 
address 
g 
a 


Argu- 
ments 
|Re- 
turns 


DESCRIPTION 


(1) Function Details 








: Result 





Program 
start 
address 
















Command 
existance 


Interrupt 


(a) Argument details 
CMMD (RAM): Holds command such as ASCII. ; 
TBTOP (RAM): Holds data table address in which the command corresponding 
to that in CMMD (RAM) and command service routine start address 
have been stored in 3-byte units. After CCASE execution, it 
contains the service routine start address in 2-byte hexadecimals 


corresponding to the command in CMMD(RAM). 


Bit C : Indicates CCASE termination. 
Bit C=l1 : Data in data table is the same as that in CMMD(RAM). 
Bit C=0 : Data in data table differs from that in CMMD(RAM). 


| SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed 


to find data at the end of 3 data units. 
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BRANCHING FROM TABLE MCU /MPU HD6305 FAMILY LABEL | CCASE 


| DESCRIPTION ssid 


(b) Fig. 1 shows example of CCASE execu- 
tion. If entry arguments are as 
shown in part @) of Fig. 1, CCASE 
locates start address of command 
service routine in data table (Fig. 
2) and stores it in TBTOP (RAM) as 


shown in part @of Fig. 1. 


(c) Data table shown in Fig. 2 must be 
set up before executing CCASE. It 
‘contains 3-byte data units beginning 
at $1D00 and terminator indicating 
the end of the table. The first 
byte of the 3-byte data units is 
command. The second and third bytes 
contain upper and lower bytes of 
command service routine start 


address respectively. 


(2) User Notes 


b7 cump bO 


CMMD 


M RAM 
unos ) 


@Entry 


arguments| rgrop ( 
($1D00 


b15 tstop’ tsrop+: bO 


RAM) 
) 


@geturn {reronceti CbL5rstop teropt: bO 
arguments| ($105) 
Fig. 1 Example of CCASE execution 


Address 


Memory space 


Description 


Start address... ¢) poo 
of data table 
TBIOP (RAM) 


Command 'A' 
Service routine 
Start address 
for command '‘a' 


‘pt 
Service routine 


start rar es for 
command 


Data block] 


Command 
Data block 2 





Terminator: indicat- 
ing the end of 
block data 


Fig. 2 Example of data table 


Do not use $00 as argument (CMMD) or as command in data table. 


It functions as terminator only. 


(3) RAM Description 


Label RAM 
b/7 b0 
CMMD 
TBTOP Upper byte 
Lower byte 
CSUB 





Description 


l-byte command is stored. 


Data table start address is stored in 
2-byte hexadecimals before execution. 


Command service routine start address 
is stored in 2-byte hexadecimals after 
execution. 


Instruction codes shown here are stored 
by CCASE. Data in data table are loaded 
into ACCA by calling this area as 
subroutine. 
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ae 4. BRANCHING FROM TABLE MCU /MPU HD6305 FAMILY LABEL | CCASE 


DESCRIPTION 


(4) Sample Application 


CCASE subroutine is called after command and start address of data table are 


held. 

WORK1 RMB Lo wee 

WORK 2 RMB Lo meee 
STX  WORK2 ----- 
LDA —s #$1D 
STA‘ TBTOP 
LDA — # $00 
STA‘ TBTOP+1 
LDA WORK | _____ 
STA  CMMD 

| JSR CCASE|] = ---~- 

LDX § WORK2 ----- 
BCC ERROR 9 ---~- 


Program branching to 
command service 
routine 






ERROR |ERROR program 


ORG $1D00 ----- 
FCC "AP ee 
FDB $1020 ----- 
FCC | cet 
FDB $1045 00 tee 
FCB $00 =--=- 


454 


Reserves memory byte for command. 


Reserves momory byte for register contents 


saving. 


Saves register contents that will be 


destroyed by executing CCASE. 


Stores data table start address into 
entry argument (TBTOP). 


Stores command into entry argument (CMMD). 


Calls CCASE subroutine. 


Restores register. 
Tests if there is data corresponding to 


inputted command in data table. 


Executes error program because there is 
no data corresponding to inputted 
command in data table. 


Start address of data table. 

7A’ 

Start address of command service routine 
A. 


Command 


in case of command 


Command ’B’ 
Start address of command service routine 
in case of command ’B’. 


Indicates the end of data block. 


HITACHI 


BRANCHING FROM TABLE MCU/MPU HD6305 FAMILY LABEL | CCASE 


| DESCRIPTION = 


(Note) 
* Example of branching to command service routine after CCASE execution : 


CCASE functions only to store start address of command service routine in 
TBTOP (RAM). Program as in the example below to branch to command 
service routine. Method used in this example is to store operation 


codes for JMP in TBTOP-1 (RAM) and jump to command service routine. 


BCC ERROR.  crectetsss Branches to ERROR if bit C is cleared. 


LDA ia ne Stores JMP operation code in RAM. 
STA TBTOP-1 
Jump to 


command service IMP 


; TBTOP—1 «rr Jumps to command service routine. 
routine 


| 


ERROR ERROR Program 





(5) Basic Operation 


(a) In the HD6305 family, IX is one byte in length. However, index addressing 
can be performed with data table start address of 2 bytes, by calling the 


subroutine shown in Fig. 3. 










CSUB LDA DISP, X Stores instruction codes for 
RTS | the program in RAM as follows. 
Label RAM Description 
WML 
CSUB 





Instruction code for LDA DISP, X 


DISP H *! 
DISP L *2 


$81 


ne Cone 
YLLY/f/ 





“Instruction code for RTS 


(Notes) *1l: Stores the upper byte of the start address in DISP H. 
*2: Stores the lower byte of the start address in DISP L. 


Fig. 3 Details of instruction in RAM 
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BRANCHING FROM TABLE MCU /MPU HD6305 FAMILY LABEL | CCASE 


| DESCRIPTION 


(b) IX is used to indicate data table start address. 

(c) By calling the subroutine shown in Fig. 3, data table commands are read in 
order from start address and compared with entry argument contents. 

(d) If the data table commands match the entry argument contents (CMMD), bit 
C is stored and CCASE is terminated. 

(e) If terminator $00 is found in data table, bit C is cleared and CCASE is 


terminated. 
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4. BRANCHING FROM TABLE MCU /MPU HD6305 FAMILY CCASE 


FLOWCHART 


CCASE 
$DpD6—-CSUB 


CCAS E 


Stores LDA operation code, 
destination start address, RTS 
instruction code to execute 

LDA DISP, X and RTS in RAM area. 


(TBTOP) --CSUB+1 
(TBTOP+1)—CSUB+2 


$81->CSUB+3 


0 


ae | ada 


KXAcCAy=sOT ACN $00 


+. + 


Clears data table address pointer. 


| 

4 

ae) 
1 


Loads 1-byte from data table 
into ACCA. 


Clears bit C. 


Tests if data table command 
is terminator or not. 


fo le de a eo 


Increments the data table address 
pointer. 


: 

4 

1 

. 

| 
a 






3<( CMM. 
(ACCA) #(CMMD)_ Compares entry argument (CMMD) and 


data table command. If different, 
adds "2" to the pointer to compare 
it with next data table command. 


CCASE2 (ACCA)=(CMMD) 


(1X)+2-1X | Cc Ss U B 
a (ACCA)—~T BTOP 


If matched, stores command service 
routine start address in RAM. 





Sets bit C to "1", 


e 

ns 

i 

x ———— 

! 
ae 


.--4 Executes LDA DISP,X in RAM 
and loads source data into ACCA. 





(Note) * CSUB does not appear in the PROGRAM LISTING because it is stored in RAM. 
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BRANCHING aa TABLE MCU /MPU HD6305 FAMILY LABEL | CCASE 


|PROGRAM LISTING | LISTING 


NO0001 ROROIOIOR IO IOI HOR OK HOR OIC OIOROIOIOR IOI HOR IOIOIOIOK HOR IO IORI IOI ROR OK HOR HOOK 
00002 x . *« 
00003 * NAME : BRANCHING FROM TABLE C(CCASE) * 
QADNNS * * 
N000S ROR OR OR OI FORO ORO OIOIOR OI OOIOR FOR OIOIOI OI OIOK HOR OIOICIOIOIOROROROIOROIOK FOR I IOIOROIOK 
00006 * * 
N0007 * ENTRY : CMMD CCOMMAND ») *« 
00008 * TRTOP C(TABLE ADDR) * 
N0009 * RETURNS : TBTOP CMNDULE ADDR) * 
00010 * CARRY (f=];TRUE.C=O:FALSE) * 
N0011 * * 
00012 FOO IO ICICI OOO IOI OO OIC IOI OO RICIOIOIOOIOR IO IO IO IOOK IOI IOIOK 
00013 * 

0N0N14 0080 ORG #80 

0001S * 

00016 0080 000) CMMD RMR ] Cammand 

NNN17 9081 0002 TRTOP RMB 2 Table ANNR -> Module ADDR 
N0018 QORZ 0004 CSUR RMR 4 Wark area for subroutine 

NNN19 * 

90020 1000 ORG $1000 

NNN21 . XK 

ANNI? 1000 CCASE ENU x Entry oanint 

NN023 1000 A6 D6 LNA H$06 Store instruction code (LNA Nien.X) 
NNN24 1002 BRB? 83 STA CSUB | 

NNN02S5 1004 Bé 81 LDA TBTOP Store table ADDR CH) 

N0N26 1006 B? 84 STA CSUB+] 

NNN27 1008 B46 82 LOA TBTOP+1 Stare table ANDR CL) 

N0028 1NNA B7 BS STA CSLIR+2 

NNN29 1NNC AS Bl LDA #981 Store instruction cade (RTS) 
QNN3N 1NOE B? Bé4 STA CSUB+3 

NNN3%1 1010 SF CLR x Clear oointer of table ADDR 
Q0N32 1011 BD 83 CCASE] JSR CSUB Load cammand of table 

NN0N33 1013 40 TST A Command of table = 0 ? 

00034 1014 98 CLC Clear carry . 

NN0N3S 1015 27 13 BFQ CLASES Branch if 2FRO 

00036 1017 SC INC X Increment pointer of tahl > ADDR 
NNN3%7 1018 RL 80 CMP £MMD Command of table = comand “. 
NNN3B 101A 27 04 REN CCASE2 Rranch if equal 

NNN39 101C SC INC x Increment oointer of tahle ADDR 
NNNGO 1010 SC INC x 

NNN41 1NO1F 20 Fl BRA CCASE 1 Branch CCASE1 

QA0NG2? 1020 BD BS CCASE2 LISP CSUR Store ADDRC(H) af madule ADDR 
NNNGS% 1022 B? Bl STA TRTOAP 

ANDGS 1N24 SC INC x Increment oninter af table ADDR 
NNN4GS 1025 BN 83 JSR CSB Stare ADDR.) af module AMOR 
QN0466 1027 BR? B2 STA TRTOP+] Set carry tn '"]" 

NNQ6? 1N29 99 SEC 

N0N048 102A 8) CCASES RTS 
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5. CONVERTING ASCII LOWERCASE 
INTO UPPERCASE MCU /MPU HD6305 FAMILY LABEL 


FUNCTION 


(a) Converts ASCII lowercase data in ACCA into uppercase and loads result into 
ACCA. 
(b) Utilizes 7-bit ASCII in arguments. 


CHANGES IN CPU 


@ : Not affected ROM (Bytes) 


Storage Byte : 


Stack (Bytes) 
Lowercase 


Entry (ASCII) 


No. of cycles 
17 
Reentrant 
e 


Relocation 
Uppercase 


es 
(ASCII) 


Interrupt 


Yes 


DESCRIPTION 


1 (1) Function Details 


(a) Argument details 


ACCA: Holds ASCII lowercase data. b7 
ACCA 





After executing TPR, contains (@ Entry 


Lowercase 
argument ( 


3 > 
the corresponding uppercase data. a’ $61) 


(b) Fig. 1 shows example of TPR execution. 


If entry argument lowercase ’a’ ($61) | ACCA Lu 


is held in ACCA as shown in part @) pean Bor 

of Fig. 1, it is converted into up- 

percase *A’ ($41), and the result is Fig. 1 Example of TPR execution 
contained in ACCA as shown in part (2) 

of Fig. l. 


SPECIFICATIONS NOTES 
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5. CONVERTING ASCII LOWERCASE | 
INTO UPPERCASE MCU /MPU HD6305 FAMILY LABEL a 
DESCRIPTION 
(2) User Notes 
Lowercase data should be held into ACCA. If ASCII other than lowercase are 
held into ACCA, these are saved and not converted into uppercase. 
(3) RAM Description 
RAM is not used in TPR subroutine. 
(4) Sample Application 


TPR subroutine is called after lowercase data is held into ACCA. 


WORK1 RMB Lo eee Reserves memory byte for lowercase. 
WORK 2 RMB Lemme Reserves memory byte for uppercase. 
LDA WORK1 ----- Loads lowercase data into entry argument 
(ACCA). 
| JSR TPR] = ----- Calls TPR subroutine. 
STA WORK2 <----- Stores uppercase data (return argument 


(ACCA)) in RAM. 


(5) Basic Operation 


(a) A compare command (CMP) is used to determine whether entry argument in ACCA 
is lowercase or not. 

(b) Entry argument and $DF are ANDed by AND command, and lowercase is con- 
verted into uppercase by clearing the fifth bit of lowercase as shown 
in Fig. 2. | 

(c) If entry argument is other than in lowercase, TPR does not execute any 


operation, and entry argument is saved. 
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CONVERTING ASCII LOWERCASE 
INTO UPPERCASE MCU/MPU HD6305 FAMILY LABEL eR 


DESCRIPTION 

bit7 6 t 4 8 2 1 «0 

4 4 {hbsvd 

a( $61) 0 1 0 0 0 0 1 

b( $62) 0 1 0 0 0 1 0 
c ($63) 0 1 o 0 011 Lowercase (bit 5="1") 

z($7A) 0 1 1 1 O 1 +O 

A( $41) 0 1 4 0 0 0 1 

B( $42) 0 10} 0 0 0 1 0 
C( $438) 0 10] 0 © oO 1 1 & Uppercase (bit 5="0") 

( ; 
Z($5A) o 1ifof 1 21 #0 1 «0 


Fig. 2 Lowercase and uppercase of 7-bit ASCII 
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FLOWCHART 


5. CONVERTING ASCII LOWERCASE 
INTO UPPERCASE 7 MCU/MPU © HD6305 FAMILY LABEL 









(ACCA)<‘a’ 


(ACCA)2"a’ Tests if entry argument is 
es in lowercase (’a’ to ’z’). 


(ACCA)Sz’ 


(ACCA)A$DF—-ACCA |----4 Clears the 5th bit of the lowercase 


and converts it into uppercase. 
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CONVERTING ASCII LOWERCASE 
INTO UPPERCASE MCU /MPU HD6305 FAMILY LABEL TPR 


}PROGRAM LISTING = LISTING 





00001 OK KOK KOK HOR IOKOK OOK OOK OIOIOROIOR DIOR OR OOK IOKOIOKOK HO HOR HOOK HOR HOROK HOHOICOK OK 
00002 »* * 
00002 > NAME : CONVERTING ASCII LOWERCASE INTO * 
00004 * ASCII (TPR) * 
0000S * * 
00006 FORO OOOO OOO OK OOK OI IOI IOI OKI OK I IO II OK KE HOK KOK 
00007 * * 
00008 »* ENTRY : ACCA CASCII LOWERCASE) * 
00009 * RETURNS : ACCA CASCII UPPERCASE) x 
00010 * * 
00011 SOOOIOOKOOOOIOIOIORIOOOIOK OOOO OOO KOK OOK IOIOIOK IO HOOK OK IC HOOK IK 
00012 * 
00013 1000 ORG $1000 
00014 * 
00015 1000 TPR EQU * Entry point 
00016 1000 Al 61 CMP #'a ACCA - ‘a’ ? 
00017 1002 25 06 BCS TPR1 Branch if ACCA < ‘a' 
00018 1004 Al 7A CMP #'Z ACCA - '2' ? 
00019 1006 22 02 BHI TPR1 Branch if ACCA > ‘2' 
00020 1008 A4 DF AND #SDF Convert Lowercase into Uppercase 
00021 100A 81 TPR1 RTS 
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|6. CONVERTING ASCII INTO 1-BYTE 
HEXADEC IMAL 


FUNCTION 










and loads result into ACCA. 
(b) Utilizes 7-bit ASCII in arguments. 


Storage 
Location 


| Byte 
| contents ES 


l-byte 
hexa- 
decimal 


Argu- 
ments 


Re- 
turns 
sion/not 
conver- 
| sion 


DESCRIPTION 


(1) Function Details 


‘(a) Argument details 
ACCA : Holds ASCII. After NIBBLE 
execution, contains 1l1-byte 
hexadecimal. 
Bit C: Shows state when NIBBLE is 


(CCR) executed. 


Bit C=l 
70? to °9° or ’A’ to 
or 3 


: Shows ASCII within range 


of 
to 
SPECIFICATIONS NOTES 


29” 
ae 


to °9’ and ’A’ 


| Ret 
: Shows ASCII other than@...... {i byte 


MCU/MPU HD6305 FAMILY NIBBLE 


(a) Converts ASCII °0’ to ’9’ and ’A’® to ’F’® in ACCA into l-byte hexadecimal 


RECISTERS AND FLAGS | SPECIFICATIONS 


@ : ROM (Bytes) 
RAM (Bytes) 


Not affected 
: Result 


Stack (Bytes) 


No. of cycles 


28 


acca — iB 


(} Entry (ASCII 
argument >r? $46) 


| bit C p7 


ACCA bO 


ACCA 


[°] 


arguments} hexadecimal 


$OF) 


Fig. | Example of NIBBLE 


execution 
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RTING ASCII INTO 1-BYTE 
Ore DEC IMAL MCU /MPU HD6305 FAMILY LABEL | NIBBLE 


DESCRIPTION 


(b) Fig. 1 shows example of NIBBLE execution. If entry argument is as shown in 
part @)of Fig. 1, $0F, data converted from ASCII into l-byte hexadecimal, is 
held in ACCA as shown in part @ of Fig. 1. 


(2) User Notes 
If data, other than ASCII ’0’ to °’9’ or ’A’ to ’F’, is stored in ACCA after 
NIBBLE execution, ACCA data is destroyed. 


(3) RAM Description 
RAM is not used in NIBBLE subroutine. 


(4) Sample Application 
NIBBLE subroutine is called after ASCII is held. 


WORK 1 RMB Tenet Reserves memory byte for l-digit ASCII. 
WORK2 RMB LC i ‘Ses Reserves memory byte for l-byte 
hexadecimal. 
LDA WORK1 =~----- Loads ASCII into entry argument (ACCA). 
|5SR =“ NIBBLE|| ----- Calls NIBBLE subroutine. 
BCS SKIP ----- If ASCII is other than ’0’ to ’9’ or ’A’ 


to ’F’, branches to service routine for 
other ASCII. 

STA WORK2 #£----- Stores l-byte hexadecimal (return 
argument (ACCA)) in RAM. 





SKIP 





Service routine for ASCII 
other than 
70’ to °9’ or ’A’ to 






2? 
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CONVERTING ASCII INTO 1-BYTE 
HEXADEC IMAL MCU/MPU HD6305 FAMILY LABEL | NIBBLE | 


| DESCRIPTION = 
(5) Basic Operation 


(a) Bit C resulting from comparison and subtraction of data in ACCA is used to 
test if the data is within range of ’0’ to ’F’ in the ASCII table 
(note (_] blocked area in table). 


(b) Addition continues between ’0’ and ’@’, ”:’ to ’@’ (note cross 





hatched area in table) is deleted. 
(c) In cases other than between ’0’ and °9’ or ’A’ and °F’, bit C is set during 


(a) or (b) above. 


Table 1 ASCII Table 


nuovo 
000) 
oola 
aooll 
0100 
91od 


0Ol1lio 


oil 


Laog 


lvuOdl 


lols 


1011 


1100 


1101 


1110 





Aidl 
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6. CONVERTING ASCII INTO 1-BYTE 
HEXADECIMAL MCU /MPU HD6305 FAMILY LABEL | NIBBLE 


FLOWCHART 


NIBBLE 
NIBBLE 
(ACCA)-’'0 ’-ACCA 


(bit C)=1 <Gi oF> 


(bit C)=0 


(ACCA)+ $E9—ACCA if entry argument's 


Tests if entry argument's 
ASCII is ’0’ or less. 


ASCII is ’G’ or mre. 


Tests if entry argument's 
ASCII is ’A” or more. 

bit N=0: ’A’ to ’F’ 
bit N= 1 70’ to ’@’, 


ASCII is within range of °:” to ’@’. 


bit C=0: ’0’ to ’9’ 
bit C=1: ’:’ to ’@’, 








E if entry argument's 


(bit C)=0 
(ACCA) +$0A->ACCA terete | Converts ASCII into 1-byte hexadecimal. 
NIB2 
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“CONVERTING ASCII INTO 1-BYTE 


| PROGRAM LISTING _| LISTING 


00001 (OIOIOIOIOIOOO OOOO IOI GOR IOI IOI OI OK IOI IOI IOI OIOIOIOK kK 
00002 x * 
00003 * NAME : CONVERTING ASCII * 
00004 * INTO 1-BYTE HEXADECIMAL <NIBBLE>D »* 
0000S * * 
00006 FO OOOO OR IOR OOOO IO OOO OOK OO IO FOR IOI OR IOR IOI OK OK 
00007 x x 
00008 * ENTRY : ACCA CASCIID * 
00009 * RETURNS : ACCA <BINARY DATA) * 
00010 »* CARRY (C=0; TRUE.C=1;FALSE) x 
00011 * x 
00012 {ORO IOI IOOOIOOIOIOIOO IOI IO IOI OIOIOK OR OK IOR IOI I IOI OK KHOI OK IK 
00013 * 

00014 1000 ORG $1000 

0001S * 

00016 1000 NIBBLE EQU »* Entry point 

00017 1000 AO 30 SUB #'O ACCA <ASCII code) - ‘O' ? 
00018 1002 25 OF BCS NIB2 Branch if ACCA<'*0O' 

00019 1004 AB E9 ADD HSE9 ACCA - 'G* -> ACCA 

00020 1006 2S 08 BCS NIB2 Branch if ACCAD='G' 

00021 1008 AB 06 ADD H6 Test ‘O'-‘'d' or ‘A'-'F' 
00022 100A 2A 04 BPL NIB1 Branch if ACCA = ‘'A'-'F? 
00023 100C AB 07 ADD #7 Test ‘O°'-'9' or %:'~'%Q’ 
00024 100E 25 03 BCS NIB2 Branch if ACCA = °:'-'a! 
0002S 1010 AB OA NIB1 ADD HSA Convert ASCII into binary dat 
00026 1012 98 CLC Clear carry 

00027 1013 81 NI6B2 RTS 
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7. CONVERTING 8-BIT BINARY DATA 
INTO ASCII MCU /MPU HD6305 FAMILY LABEL ; COBYTE 


FUNCTION 


(a) Converts 8-bit binary data in ACCA into two ASCII characters and stores 


result in RAM. 


(b) Utilizes 7-bit ASCII in arguments. 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 


@ : Not affected ROM (Bytes) 
pth : Ram (Bytes) 
: Result RAM (Bytes) 


2 
Stack (Bytes) 
here 
ments 


Storage 


Contents : 
Location 


6 
2 : 
2 
3 
turns| ASCII (RAM) 


DESCRIPTION 


(1) Function Details 


(a) Argument details 
ACCA : Holds 8-bit binary data to be @ Entry 


(8-bit binary 
converted into ASCII. argument 


ACCA b7_Acca _b0 
“a 


: Holds data converted, from 





upper and lower 4 bits of bi5con conti bO 


COB (RAM) 
5 3 ‘ 
8-bit binary data into 2-digit yates {(2-aigit 
argument 
ASCII. j t ASCII 
ees ’F’=$46,?3’=$33) 
Fig. 1 shows example of COBYTE ex- 


ecution. If entry argument is as Fig. 1] Example of COBYTE 
execution 
shown in part (i) of Fig. 1, data 


converted from 8-bit binary data 


into ASCIL is contained to COB (RAM) 
as shown in part (@) of Fig. 1. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 
convert 8-bit binary data into ASCII. | 
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CONVERTING 8-BIT BINARY DATA | 
INTO ASCII MCU /MPU HD6305 .FAMILY LABEL | COBYTE 


DESCRIPTION 


(2) User Notes 


If 8-bit binary data in ACCA needs to be retained after COBYTE execution, it 


should be saved in memory before execution. 


(3) RAM Description 


Description 
Label RAM 
b7 b0 Data is stored which have been converted 
: from upper 4 bits of 8-bit binary data 
COB Upper byte } into one-digit ASCII. 


Lower byte } Data is stored which have been converted 
from lower 4 bits of 8-bit binary data 
into one-digit ASCII. 





(4) Sample Application | | 
COBYTE subroutine is called after 8-bit binary data is held. 


WORK 1 RMB 1 -~-~- Reserves memory byte for 8-bit binary 
‘ data. 
WORK2 RMB 200 ee Reserves memory byte for 2-digit ASCII. 
WORK3 RMB Eo tears Reserves memory byte for register contents 
i 
saving. 
STX WORK3 #£=------ Saves register contents that will be 
destroyed by COBYTE execution. 
LDA WORK1 ----- Loads 8-bit binary data into entry 
argument. 
| JSR COBYTE || ----- Calls COBYTE subroutine. 
LDA COB 
STA WORK2 {|__| Stores 2-digit ASCII (return argument 
LDA COB+1 (COB)) in RAM. 
STA WORK2+1 
LDX WORK 3 ~-~--- Restores register. 
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CONVERTING 8-BIT BINARY DATA 
INTO ASCII MCU /MPU HD6305 FAMILY COBYTE 


DESCRIPTION 
(5) Basic Operation 


(a) 8-bit binary data in ACCA is divided into 4 upper and 4 lower bits. 

(b) Divided data is then checked by a comparison (instruction CMP). If data is 
between $00 and $09 (tC): blocked area in ASCII table shown as Table 1), 
$30 is added. If data is between $0A and $0F (jin Table 1), $37 is 
added. Result is converted into ASCII. 


Table 1 ASCII Table 


lO) 


1100 


1101 


,Aliv 


blail 
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7. CONVERTING 8-BIT 
nag a BINARY DATA | cu /MPU HD6305 FAMILY LABEL | COBYTE 


FLOWCHART | 


COBYTE 
(ACCA)—IX al 
Shift (ACCA) --{ Shifts upper 4 bits of 8-bit binary data 
4 bits right into lower 4 bits. 


| conte | ---| Converts upper 4 bits into ASCII. 


Saves 8-bit binary data of entry argument. 


(ACCA)—-COB = Stores result of ASCII conversion in RAM. 


Restores 8-bit binary data of entry 
argument. 


(IX)—-ACCA = 


Converts lower 4 bits into ASCII. 


CONIB | = 


(ACCA)—COB+1 | —- 


(ACCA) A$OF—-ACCA ---| Clears upper 4 bits of 8-bit binary data. 
| Stores results of ASCII conversion in RAM. 


RTS 









CONIB 


___]| Converts entry data between $00 and $09 
into ASCII. 


(ACCA) +$ 30 -~ACCA 


(ACCA) S$ 39 









(ACCA) —$ 39 





___| Tests if data is $09 or less, or $0A 
or more. 


(ACCA) >$39 
--{ Converts data between $0A and $0F into 
ASCII. | 


TL / 





CONIB1 
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CONVERTING 8-BIT BINARY DATA 
INTO ASCII MCU /MPU HD6305 FAMILY LABEL | COBYTE 


PROGRAM LISTING 





00001 OIOIOIOIOIOROIOOR ORO ORO IOIOIOIOK ORIOIOK OOOO OR IO IORKOOKOOHOK HIOIOK NOKOKOK 
00002 * * 
00003 ad NAME : CONVERTING 8-BIT BINARY DATA *« 
00004 * INTO ASCII CCOBYTE> »K 
00005 * * 
00006 ROI OIRO OI IOI OIG IOI I IOI IK IK IK OK KOK HOKK 2K IOK 2K 2k 
00007 * * 
00008 * ENTRY : ACCA (8-BIT BINARY DATA) * 
00009 aK RETURNS : COB (¢(2-BYTE ASCII) * 
00010 * * 
00011 OOIOIOIOIOIOIOIOIOIOI OK NOIOIOOIOIOIOIOIOR IOIOIOIO IO OR ORO IOIOOOIOIOK KOIOK IK 2 0K 
00012 * 
00013 0080 ORG $80 
00014 * 
00015 0080 0002 CoB RMB 2 2-byte ASCII 
00016 * 
00017 1000 ORG $1000 
00018 * 
00019 1000 COBYTE EQU * Entry point 
00020 1000 97 TAX Transfer 8-bit binary data 
00021 1001 44 LSR A Shift upper 4 bits to Lower 4 bits 
00022 1002 44 LSR A 
00023 1003 44 LSR A 
00024 1004 44 LSR A 
0002S 1005S AD OA BSR CONIB Convert upper 4 bits into ASCII 
00026 1007 B7 80 STA COB Store ASCII 
00027 1009 SF TXA Transter 8 bit binary data 
00028 100A A4 OF AND RSOF Mask upper 4 bits 
00029 100C AD 03 BSR CONIB Convert Lower 4 bits into ASCII 
00030 100E B7 81 STA COB+1 Store ASCII 
00031 1010 81 RTS 
00032 1011 AB 30 CONIB ADD #'O Convert into ASCII ¢'O0'-'9') 
00033 1013 Al 39 CMP #'9S ASCII = 'O'-'9' or ‘'A'-'F* 2 
00034 1015 23 02 BLS CONTB1 Branch if ACCA = 'O'-'9! 
00035 1017 AB 0? ADD #$07 Convert into ASCII C'A'-'F') 
00036 1019 81 CONIB1 RTS 
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. COUNTING NUMBER OF LOGICAL "1" 
: nits IN 8-BIT DATA | MCU /MPU HD6305 FAMILY LABEL | HCNT 


FUNC TION 


(a) Counts number of logical "1" bits in 8-bit data string in ACCA, and stores 


result in RAM. 
CHANGES IN CPU 
REGISTERS AND FLAcS | *PECIFICATIONS 
® 


: Not affected ROM (Bytes) 


14 
RAM (Bytes) 

























(b) Permits easy parity checking. 


ARGUMENTS 
Location 


Byte 
Leth. 
8-bi 
moi - A 
Argu- | 
ments 
Re- HBIT l 
turns (RAM) 
(a) Argument details 


DESCRIPTION 
ACCA : Holds 8—bit data in which 
ACCA b/7 acca b0 


(1) Function Details 
number of logical "1" bits @ Entry (8-bit Pola fafifofifayol 


















x : Undefined 


: Result 








Stack (Bytes) 


No. of cycles 
134 





. argument 

is counted. data $76) There are five 
HBIT : Holds number of logical "1" I's. 
(RAM) |... . 

bit in 8-bit data. ae HBIT (RAM) b7 cae b0 

(b) Fig. 1 shows example of HCNT execu- Oe | (The bit 
| argument | | mber 

tion. If entry argument is as of logical 
shown in part @of Fig. 1, number of "1" $05) 


logical "1" bits in 8-bit data 
Fig. 1 Example of HCNT 


string is contained in HBIT (RAM) as pyacution 


shown in part Q)of Fig. 1. 


SPECIFICATIONS NOTES 





"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 
count number of logical "1" bits in 8-bit data string. 
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tt7 0 
Ste gaa LOGICAL “1l"| wcu/MPU HD6305 FAMILY LABEL | HCNT 


DESCRIPTION 
(c) Contents of ACCA are saved after HCNT execution. 


(2) User Notes 
When counting number of logical "0"" bits, take 1's complement of ACCA before 


HCNT execution. 
(3) RAM Description 


Label RAM Description 
b7 bO 


Number of logical "1" bits is stored 
HBIT } 
in l-byte hexadecimal. 


(4) Sample Application 
Subroutine HCNT is called after 8-bit data is held. 


WORK1 RMB | a: Reserves memory byte for 8-bit data. 


WORK 2 RMB E “Ses Reserves memory byte for number of 
logical "1" bits in 8-bit data string. 





WORK 3 RMB , i <esaes Reserves memory byte for register contents 
saving. 
STX WORK3 #£----" Saves register contents that will be 
destroyed by HCNT execution. 
LDA WORKL ----- Loads 8-bit data into entry argument 
(ACCA) . 
| JSR HCNT | Sars Calls HCNT subroutine. 
LDA HBIT [| ____ Stores number of logical "1" bits (return 
STA WORK 2 argument (HBIT)) in RAM. 
LDX WORK3 2 9 -"~-—- Restores register. 
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104 08 
eee LOGICAL “1"|  wcu/MPU HD6305 FAMILY LABEL | HCNT 


DESCRIPTION 
(5) Basic Operation 


(a) IX is used to indicate number of 8-bit data rotations. 
(b) Using rotate (instruction ROL), data in ACCA is loaded into bit C one by one. 
(c) Bit C is checked. If "1", HBIT (RAM) is incremented; if "0", no operation 
applied. 
(d) IX is decremented each time (b) and (c) are executed. (b) and (c) are 
looped until IX is "0". 


Number of logical "1" bits in 8-bit data is then determined. 
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8. COUNTING NUMBER OF LOGICAL "1" 
M HD6305 FAMILY LABEL 


FLOWCHART 


HCNT 
HCNT 
Sy x ____] Loads "8" in counter for execution of 8-bit 
processing. 
Clears counter (HI bit counter) that keeps 
07H BIT] “ track of number of logical "1" bits. 








Rotate (ACCA) | ____ 
1 bit left Rotates MSB of 8-bit data in bit C. 


(bit oer D> 4 Tests if 8-bit data is "1" or "0". 
(bit C)=1 
When 8-bit data is logical "1", increments 
(HBIT)+1—-HBIT[ ---- HI bit counter. 


HC 2 


(IX)-171X ---- 


Tests if 8-bit processing is 
=. executed. 


Decrements counter every time one bit is 
counted. 


(I1X)=0 
Rotate (ACCA)/] ____ 
1 bit left 


R T S 


Returns 8-bit data to entry state. 
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COUN TANG NUMEEE CF LOGICAL "1"!  ycu/MPU HD6305 FAMILY LABEL | HCNT 


PROGRAM LISTING 


00001 OOOO OO IO IO OOO OOK OOK IOI KOK IOK KK IKK 
00002 * 
00003 * NAME : COUNTING NUMBER OF LOGICAL "1" * 
00004 * BITS IN 8-SIT DATA CHCNT) > 
0000S * * 
00006 FOO OOK OIC IO IOI IOI IO OOK IO IOI OK KOK 2K IOI OK KK KK OK IOK IK 
00007 *« * 
00008 * ENTRY : ACCA (8-BIT DATA) * 
00009 * RETURNS : HBIT CHIGH BIT COUNTER) * 
00010 * > 
00011 FOR IOOOIOOIOOR IO OOOO OIOIOIOIOK OR IOOROIOK OKO OOK IOI OIOK FOR IOI OK HOHOK 2K 
00012 * 
00013 0080 ORG $80 
00014 * 
00015 0080 0001 HBIT RMB i High bit counter 
00016 * 
00017 1000 ORG $1000 
00018 * 
00019 1000 | HCNT EGU * Entry point 
00020 1000 AE 08 LOX #8 Set rotate counter 
00021 1002 3F 80 CLR HBIT Clear high bit counter 
00022 1004 49 HCNT1 ROL A Rotate 8-bit data Left 
00023 100S 24 02 BCC HCNT2 Branch if carry=0 
00024 1007 3C 80 INC HBIT Increment high bit counter 
0002S 1009 SA HCNT2 DEC x Decrement rotate counter 
00026 100A 26 F8 BNE HCNT1 Loop until rotate counter=0 
00027 100C 49 ROL A Replace 8-bit data 
00028 1000 81 RTS 
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9. SHIFTING 16-BIT DATA MCU /MPU HD6305 FAMILY LABEL ) SHR 


FUNCTION 


(a) Shifts 16-bit binary data in RAM to right. 







(b) Permits number of shifts to be freely determined. 






(c) Permits easy multiplication of 16-bit binary data by 2" (n : number of 


shifts). 
ARGUMENTS REGISTERS AND FLAGS SPEC IF ICAT IONS 
@ : Not affected ROM (Bytes) 


Storage Byte 


i : Result RAM (Bytes) 
2 
16-bit 
binary 
data to SFT 
be (RAM) 
Entry| shifted 
Argu- to right 


Stack (Bytes) 
ments 
Number of Ix 1 
shifts 


No. of cycles 
Re- Shift SFT 2 
turns| results (RAM) 


DESCRIPTION 
(1) Function Details 
















































Interrupt 






















(a) Argument details b7 ix _b0 
INC S02) fi» i: | 
SFT : Holds 16-bit binary data to @Entry _ bis Sea. “bO 
(RAM) 4. shifted to ri ghee! AeteE arguments) (rem CEE fe fh yel peppy 





SHR execution, contains shift 









Return SF bl ul 
result. ®@ Rete COODONDOCDH0000 
argument SFT SFT+1 
IX : Holds number of 16-bit binary 
data to be shifted to right. Fig. 1 Example of SHR 
execution 






SPECIFICATIONS NOTES 





"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 





shift 16-bit binary data to right by 7 bits. 
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SHIFTING 16-BIT DATA MCU /MPU _ HD6305 FAMILY Te 


| DESCRIPTION si 


(b) Fig. 1 shows example of SHR execution. If entry arguments are held as shown 


in part(@) of Fig. 1, 16-bit binary data is shifted to right as shown in part 
@)of Fig. 1. 

(2) User Notes 

< $0OF. 

When data outside this range is held, SFT (RAM) becomes "0". 


Be sure to hold data into IX within range of $01 s 


(3) RAM Description 


RAM 
b7 b0 


Upper byte 


Label Be ag 
Description 


SFT 16-bit binary data to be shifted to right 


(4) Sample Application 


Lower byte 





is stored before execution. 


Shift result is stored after execution. 


SHR subroutine is called after number of shifts and 16-bit binary data to be 


shifted to right are held. 


WORK1 RMB Bo eS Reserves memory byte for 16-bit binary data. 
WORK 2 RMB 1 ----- Reserves memory byte for number of shifts. 
WORK 3 RMB 2 “S542 Reserves memory byte for 16-bit binary 
shift results. 
WORK 4 RMB BE Se Reserves memory byte for register contents 
saving. 
STX WORK4 #£----- Saves register contents that will be 
destroyed by executing SHR. 
LDA WORK1 
STA SFT 4 Stores 16-bit binary data to be shifted 
LDA WORK1+1 into right in entry argument (SFT). 
STA SFT+1 
LDX WORK2 9 ----- Loads number of shifts into entry argument 


480 


[ise sa] 


(IX). 


Calls SHR subroutine. 


LDA SFT 

STA WORK 3 Stores shift results regarding 16-bit 
LDA SFI+1 [| _ binary (return argument (SFT)) in RAM. 
STA WORK3+1 

LDX WORK4 8 ----- Restores register. 
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SHIFTING 16~-BIT DATA MCU /MPU HD6305 FAMILY ane [sak 


| DESCRIPTION ssid 
(5) Basic Operation 


(a) Upper 8 bits in 16-bit binary are shifted to right. Here LSB is rotated 
to bit C. Lower 8 bits are then rotated to right. At this time, LSB in 
bit C is rotated to MSB of lower 8 bits. 


(b) IX is used. to keep track of number of shifts. IX is decremented each time 


(a) is executed. (a) is looped until IX is "0". 
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19. SHIFTING 16-BIT DATA MCU /MPU 2 HD6305 FAMILY jEABEL | SHR | 


FLOWCHART 


Shift (SFT) Shifts upper 8 bits in 16-bit binary to 
1 bit right right, and shifts LSB to bit C. 


Rotates lower 8 bits in 16-bit binary to 
right. Rotates LSB of upper 8 bits to MSB 
of lower 8 bits. 


Decrements shift counter. 


Tests if shift is completed. 
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SHIFTING 16-BIT DATA MCU /MPU HD6305 FAMILY LABEL on 


|PROGRAM LISTING _| LISTING 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 


0080 
0080 
1000 


1000 
1002 
1004 
1005S 
1007 


0002 


1000 


34 
36 


26 
81 


80 
81 


FO 


OR OIOIOR ICOROROHOROIOIOOIOIOHOI OOF KOK OK III HOOK HOR BORO IORI ORO IOI HOI HOOK IC 2K 


* * 
* NAME : SHIFTING 16-BIT DATA <SHR) * 
* * 


OOOO IORI IO IO IOI III IK I KOK IOI OK OK IORI KOK 2K 1 24 0K 2k 
* 

* ENTRY : SFT (¢16-BIT BINARY DATA) * 
* IX (SHIFT COUNTER) * 
* RETURNS : SFT (16-BIT BINARY DATA) * 
* * 
* x 


ROOK OI OIOI IO IOROIOIOOROKOIOROIOIC HOI IK IHR ICI IC ICC IC KCK IC IC IC OIC ICE CICK DICK 9K 
ORG $80 
SFT: RMB 2 16-bit binary data 
ORG $1000 
SHR EQU * Entry point 
LSR SFT Shift upper byte to right 


ROR SFT+1 Rotate Lower byte to rish 
DEC Xx Decrement shift counter 


BNE SHR Loop until shift counter 
RTS 
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10. 4-DIGIT BCD COUNTER : MCU /MPU HD6305 FAMILY LABEL | DECNT 


FUNCTION 


(a) Increments 4-digit BCD in RAM. 













(b) Permits easy counting of interrupts (external, timer, etc). 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
ROM (Bytes) 
Storage Byte 
_comeenes | ESCH] ETS. 


ae <a 
RAM (Bytes) 
Stack (Bytes) 

Entry 
4-digit : 
Argu- BCD a ey 
ments counter | 
Re- 
t 


No. of cycles 
a ae) 
turns 7 
Bit C 
(CCR) 























@: Not affected 


x : Undefined 











: Result 


2 








Counter 














Few. p No 
flow or 
| not? Interrupt 











DESCRIPTION 











(1) Function Details 
(a) Argument details 
DCNT : Used as counter of 4-digit 


| for b15_pentr pentrti_bO 
(RAM) acd. Counts at every DECNT Oo rasan 


(4099) 












execution 
execution. 





Bit C : 
(CCR) 





Indicates counter status F 
bit C 615 peyr’pentrt bO 


: Return , 
after DECNT execution. Onenaaame 


Bit C=1 : Counter overflows 
(see Fig. 2). 
: Fig. 1 Example of DECNT 
Bit C=O : Counter has returned execution 


normal. 






| SPECIFICATIONS NOTES | 
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10. 4-DIGIT BCD COUNTER MCU /MPU HD6305 FAMILY DECNT 


| DESCRIPTION sid 


(b) Fig. 1 shows example of DECNT ex- 


; Before DCNTR( RAM) 
ecution. When DECNT is executed, ® execution | (9999) 


4-digit BCD is counted as shown in | 
: bit C 
part @) of Fig. 1. @ Return coed 
OF inet sanyo) 


(2) User Notes 


If counter overflows as shown in Fig. Fig. 2 Example of counter 


2, counter is reset to "0". overflow 


(3) RAM Description 


Label RAM Description 
b7 b0 


DCNTR Upper byte Counter value is stored by 4-digit BCD. 


Lower byte 





(4) Sample Application 


WORK1 RMB ) Sa Reserves memory byte for results of 
counting by 4-digit BCD. 
WORK 2 RMB 200 eee Reserves memory byte for register 
contents.. 
STA WORK 2 Saves register contents that will be 
STX at aaa destroyed by DECNT execution. 


| JSR DECNT | ----- Calls DECNT subroutine. 





BCS OVER ----- When BCD counter overflows, branching is 
effected to service routine for counter 
overflow. 

LDA DCNTR+1 

STA WORK1+1 {| > Stores result of counting by 4-digit BCD 

LDA DCNTR (return argument (DCNTR)) in RAM. 


STA WORK1 
LDA WORK 2 


OP SSS Restores register. 
LDX WORK 2+1 


_@ 
e 


OVER Service routine in case 
of counter overflow. — 
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4—~DIGIT BCD COUNTER MCU /MPU HD6 305 FAMILY DECNT 


DE | DESCRIPTION | 
(5) Basic Operation 


(a) IX is used to indicate address of BCD counter and is also used to keep track 
of number of additions. 

(b) Sets bit C for counting "1"s. 

(c) Executes (Formula 1) using index addressing mode. 
(Bit C is set at first addition, and a carry is performed after (Formula 1) 
execution. 

O + ( DCNTR - 1 + IX) + (bit C) ~ ACCA -------- (Formula 1) 
(d) Decrements IX. 
(e) Loops addition of upper digit and bit C until IX is "0". 
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10. 4-DIGIT BCD COUNTER MCU /MPU HD6305 FAMILY LABEL | DECNT 


FLOWCHART 


DECNT 


‘ 


DECNT 


0o—7~ACCA 









(ACCA)-+( DCNTR—1+1X) 
+ (bit C) ~ACCA 


Decimal Adjus 
(ACCA) 


(ACCA) —( DCNTR—-1+1X) 


a 


a 


pps, ee 


Loads "2" into pointer indicating address 
of 4-digit BCD counter, and into counter 
indicating number of additions. 


Bit C is set and ACCA is cleared in order 
to count up 4-digit BCD counter. 


In the first loop, counts-up lower 

2 digits in 4-digit BCD counter. 

In the second loop, adds carry to upper 2 
digits. 


Adjusts result of addition into decimal, 
and stores it in 4-digit BCD counter's 
RAM. 


Decrements pointer indicating address of 


4-digit BCD counter and counter indicating 
number of additions. 


Tests if counts-up is completed. 
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4-DIGIT BCD COUNTER MCU /MPU HD6305 FAMILY DECNT 


| PROGRAM LISTING LISTING 


00001 FOCI ICICI IOI IOI IOIIIOI OI IOIOIOIOI IORI IOI IOI IOI IO OK KOK IKK IK 
00002 * * 
00003 * NAME : 46-DIGIT BCD COUNTER (OECNT) * 
00004 * * 
0000S FOOOIOOOIOO OOK OK OO IO IOI I III IOI OI KOI aK KOK KORO IORI OOK OK OK DK 2K 0K 3K 
00006 # * 
00007 * ENTRY : NOTHING * 
00008 * RETURNS : DCNTR ¢B8CO COUNTER) * 
00009 * CARRY ¢(C=#0:TRUE.C=1;:OVER FLOW) x 
00010 * * 
00011 FORO IOIOIOIOKOICIOICIOK 0K KC 2k IC IC IC CC IC IC CDC CIC ic CC ICI IKK OI IK ICICI I IC 2k aK 
00012 * 

00013 0080 ORG $80 

00014 * 

0001S 0080 0002 OCNTR RMB 2 BCD counter 

00016 * 

00017 1000 — ORG $1000 

00018 * 

00019 1000 DECNT EQU * Entry point 

00020 1000 AE 02 LOX 42 Load ADDR pointer ¢ addition counter) 
00021 1002 99 SEC Set carry 

00022 1003 4F ~ PECNT1 CLR A Clear ACCA 

00023 1004 E9 7F ADC DCNTR-1.X Increment BCD counter 
00024 1006 8D , DAA Convert into BCD 

0002S 1007 E? TF STA OCNTR-1.X Store 8CD counter 

00026 1009 SA DEC Xx Decrement ADDR pointer 
00027 100A 26 F7? BNE DECNT1 Loop until ADDR pointer=0 
00028 100C 81 RTS 
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11. COMPARING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY 


FUNCTION 


(a) Determines larger than / smaller than relationship (> ,=, <) of 16-bit 





binary data of 2 groups, and loads result into bit C and bit Z of CCR. 


(b) Utilizes unsigned integers in arguments. : 


RECISTERS AND FLAGS | SPECIFICATIONS : 
@ : Not affected ROM aes) : 


Stack ore 
No. of cycles 


First CMD 9 
value | (RAM) 
Entry 
Second CMT 
: /Reentrant | 
value | (RAM) Reentrant 
is 


Interrupt 


Com- 
parison 
results 


Yes 


| DESCRIPTION | 
ne Function Details 


(a) Argument details 
CMD (RAM): Holds the first 16-bit binary value. 
CMT (RAM): Holds the second 16-bit binary value. 
Bit C, Bit Z (CCR): Bit C and bit Z of CCR are held according to 





comparison results. 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 


make equal comparand and comparative number. 
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11. COMPARING 16-BIT BINARY DATA MCU/MPU HD6305 FAMILY LABEL 


DESCRIPTION 


(b) Table 1 shows example of CMP execution. If entry arguments are as shown 


in Table 1, bit C and bit Z of CCR are set accordingly. 


Table 1. Example of CMP execution 


| First value | | Second vatue | CCR 
Large /small 


ae (2 bytes relationship er (2 bytes bit C 


(c) After CMP execution, entry arguments are contained. 








(2) User Notes 
When not using upper byte, set "0" in the upper byte. If "0" is not set, 
comparison is performed with undefined data set in the upper byte, and correct 


data cannot be obtained. 


(3) RAM Description 
Label RAM Description 


C MD Upper byte 
The first 16-bit binary value is stored. 
Lower byte 


CMT Upper byte 
The second 16-bit binary value is stored. 


Lower byte 
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11. COMPARING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY 


DESCRIPTION 


(4) Sample Application 
CMP subroutine is called after the first value and the second value are held. 


WORK1 RMB 2 ----- Reserves memory byte for the first 
16-bit binary value. 

WORK 2 RMB 2 ----- Reserves memory byte for the second 
16-bit binary value. 


e 
bd 
e 
e 


TAX 2 Saves register contents that will be 
destroyed by CMP execution. 


LDA WORK1 


STA rr Stores the first 16-bit binary value 
LDA WORKI+1 into entry argument (CMD). 

STA CMD+1 

LDA WORK2 

STA CMT Stores the second 16-bit binary value 


LDA WORK2+1 into entry argument (CMT). 


STA CMT+1 


| JSR C | += Calls CMP subroutine. 


TXA° © “teem Restores register. 

BEQ SKIP2 2o=s"<= Branches to service routine when 
CMD=CMT. 

BCC SKIP] <—-"- Branches to service routine when 
CMD>CMT . 


Service routine in case 
of CMD<CMT 


BRA SKIP3 


SKIP2 Service routine in case 
of CMD=CMT 


BRA SKIP3 


SKIP1 Service routine in case 
of CMD>CMT 





SKIP3 | User program 
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COMPARING 16-BIT BINARY DATA MCU/MPU HD6305 FAMILY LABEL ow 


DE |DESCRIPTION = ION 
(5) Basic Operation 


(a) When more than 2 bytes are compared, perform comparison for each byte. 

(b) Bit C and bit Z of CCR are determined as return argument, after comparison 
(instruction CMP) are executed. 

(c) Upper bytes are compared using one-byte (comparison instruction CMP). 
When equal, lower bytes are compared. 


When not equal, CMP is terminated. 
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COMPARING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY LABEL | ome 


[FLOWCHART 


(CMD)*(CMT) eee Compares upper 8 bits. 






(CMD) =(CMT) 


(CMD+1)—-C(CMT+1)] ---- Compares lower 8 bits. 
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COMPARING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY LABEL i 


| PROGRAM LISTING LISTING 


Oo00o01 DK ROROIOIOR FOR ORO IOI HORNE HOH ROC HOOR HOIOMORIOK OI OF MOM HC ROI IK I OK KICK 
00002 * * 
00003 * NAME : COMPARING 16-BIT BINARY DATA (CMP) x 
00004 * * 
0000S YORI OOOO IOI IOI III OR OK IO IO III OK IO IK KOKI OK 
00006 . * * 
00007 »* ENTRY : CMO CCOMPARAND > * 
00008 * CMT CCOMPARATIVE NUMBER) * 
00009 * RETURNS : CARRY & BIT 2 «COMPARISON RESULT) x 
00010 * * 
00011 - SOO OOOO I IOI IOI OI IORI KORO OK OK IO KOK OK I KOK OK IOK KOK KOK 
00012 * 
00013 0080 ORG $80 
00014 * 
0001S 0080 0002 CMO RMB 2 Comparand 
00016 0082 0002 CMT RMB 2 Comparative number 
00017 »* 
00018 1000 ORG $1000 
00019 * 
00020 1000 CMP EQU x Entry point 
00021 1000 Bé 80 LDA ' CMD Compare with upper byte 
00022 1002 B1 82 CMP CMT CMD - CMT ? 
00023 1004 26 04 BNE CMP 1 Branch if not equal 
00024 1006 Bé 81 LDA CMD+1 Compare with Lower byte 
00025 1008 Bl 83 CMP CMT+1 CMO+1 ~ CMT+1 7? 
00026 100A 81 CMP 1 RTS 
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FUNCTION 


(a) Performs addition of 16-bit binary data in RAM, and stores result in RAM. 


(b) Utilizes unsigned integers in arguments. 


ARGUMENTS RECISTERS AND FLAGS SPECIFICATIONS 


ROM (Bytes) 
Contents Storage | Byte RAM (Bytes) 
Location | Lgth. i 
mows | 
AD 
( 


D | Stack (Bytes) 
) 
Addend R 
ED 


















@ : Not affected 
x : Undefined 


: Result 

















, oe 

No. of cycles 
E 23 
RAM) 


a 

= 
AD 2 
(RAM) 

a 


Addition 
results 


Interrupt 


Yes 








Carry or 
no carry 





DESCRIPTION 


(1) Function Details 






(a) Argument details 
ADED (RAM) : Holds 16-bit .binary augend. After ADD execution, contains 







addition result. 
ADER (RAM) : Holds 16-bit binary addend. 


Bit C (CCR): Indicates whether carry is generated or not after ADD execution. 









Bit C= 1 : Carry is generated in addition result. 
(see Fig. 2) 


Bit C=0 °: No carry is generated in addition result. 


SPECIFICATIONS NOTES 
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ADDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY LABEL jap 


|DESCRIPTION 


(b) Fig. 1 shows example of ADD exe- 


cution. 


shown in part @)of Fig. 1, addition 


result is held in ADED (RAM) as 
shown in part Q)of Fig. 1. 


(2) User Notes 


(a) As shown in Fig. 3, when not using 


upper byte, hold "0" in the upper byte. 


If "O" is not held, addition is 


performed with undefined data held in 


the upper byte, and correct result 
cannot be obtained. 

(b) After ADD execution, augend is 
destroyed because addition result 
is contained in ADED (RAM). If 
augend needs to be retained after 
ADD execution, it should be saved 


in memory before execution. 


(3) RAM Description 


Label RAM 


ADED Upper byte 


Lower byte 


ADER Upper byte 


Lower byte 


496 


If entry arguments are as 
@ Entry 
arguments 


Return 
arguments 





b1L5 apep — apept1 bO 
ADEDC RAM) 
($2105) - Augend 
ADER  ADER+1 
ADER CRAM) 
—($h06D) 
+) 


ADEDC RAM) 
{apc Desh canteen: 


«+ Addend 


Fig. 1 Example of ADD execution 


+ Augend 
» ULe.+ [9 7 8 ]-Addena 


bie ch] [oe T* Tats J-addition 
: result 
Carry 


Fig. 2 Example of addition 
when carry is generated 


Tote [aT F | ~Augend 
+) [oto [rio | -Addend 


bit cf] [eta [ato 


Fig. 3 Example of addition when 
upper byte is not used 





Addition 
result 


Description 


16-bit binary augend is stored before 
execution. 

16-bit binary addition result is 
stored after execution. 


16-bit binary addend is stored. 
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ADDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY juapet | ADD 


DESCRIPTION =i 


(4) Sample Application 


ADD subroutine is called after augend and addend are held. 


WORK 1 RMB y saci Reserves memory byte for 16-bit binary 
augend. 
WORK 2 RMB 2 “Sess Reserves memory byte for 16-bit binary 
addend. 
WORK3 RMB Zo Se Reserves memory byte for 16-bit binary 
addition results. 
WORK4 RMB t aaa Reserves memory byte for register contents. 
STA WORK4 £----- Saves register contents that will be 
destroyed by ADD execution. 
LDA WORK 1 
STA ADED ___. Loads 16-bit binary augend into entry 
LDA WORK 1+1 argument (ADED). 
STA ADED+1 
LDA WORK 2 
STA ADER |_.. Loads 16-bit binary addend into entry 
LDA WORK 2+1 argument (ADER). 


STA ADER+1 


| JSR ADD | catenin Calls ADD subroutine. 





BCS OVER ----- If carry is generated in addition result, 
branches to service carry routine. 

he aoe Stores addition result (return argument 

— oe —~--=-= (ADED)) in RAM. 

LDA ADED+1 

STA WORK3+1 

LDA WORK4 #£=----- Restores register. 


® 
° 


OVER Service routine in case 
of carry 
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ADDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY LABEL re 


|DESCRIPTION = SCRIPTION 
(5) Basic Operation 


(a) When more than 2 bytes are added, perform addition for each byte. 
(b) Lower bytes (ADED+1, ADER+1) shown in (Formula 1) are added using 1-byte 
addition (instruction ADD) ignoring bit C. 


When carry is generated after performing (Formula 1), bit C is set. 


(ADED + 1) + (ADER + 1) ~ ADED + lo ------- (Formula 1) 


(c) Upper bytes (ADED, ADER) shown in (Formula 2) are added using 1-byte 
addition (instruction ADC) based on consideration of bit C. 


(ADED) + (ADER) + (bit C) ~ ADED ---~---------- (Formula 2) 


Bit C is taken into consideration because there is carry involved with the 


addition result regarding lower bytes executed in (b). 
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12. ADDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY LABEL ADD 
F 


LOWCHART 


Adds lower 8 bits and stores result 
ED+1 )+ +) lj --- ‘ 
KAD DERE eavEne in augend (ADED) RAM. 


(ADED)+( ADER)+(bit C) Adds upper 8-bits considering carry 
+ADED (bit C) which occurred in lower 

8 bits addition, and stores result 

in augend RAM. 
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ADDING 16~BIT BINARY DATA ecu ney HD6305 FAMILY -feawen | ano 


| PROGRAM LISTING _| LISTING 


00001 SROKOIOR AIO OFOROROIOIOIO}OROR OO OIOIOIOIOIOIOIOK OR IO OK OR IORI OO IOI I HOR OKO OK 
009002 * * 
00003 * NAME : ADDING 16-BIT BINARY DATA CADD) * 
00004 * * 
00005 OOO OOOO OOK OI IOIOK OOOO IORI OR ORO OIOIOK IO OOO OIOK OOK OK KOK HOOK IK 
00006 * »* 
00007 | * ENTRY : ADED CAUGEND) * 
00008 *K ADER CADDEND) * 
00009 * RETURNS : ADED ¢SUM) »*« 
00010 * CARRY (C=0;TRUE,.C=1;QVER FLOW) x 
00011 * 

00012 OOROIOIOIOK OOOO IOC OO IORI IO IOK I IOK OK IO IOK HOK KOK 
00013 * 

00014 0080 ORG $80 

00015 * 

00016 0080 0002 ADED RMB 2 Augend -> sum 

00017? 0082 0002 ADER RMB 2 Addend 

00018 * 

00019 1000 ORG $1000 

00020 * 

00021 1000 ADD EQU * Entry point 

00022 1000 Bé 81 LDA ADED+1 Loac Lower augend 

00023 1002 BB 2&3 ADD ADER+1 Add tower addend 

00024 1004 B7? 81 STA ADED+1 Store lower augend area 
00025 1006 Bé 80 LDA ADED Load upper augend 

00026 1008 B° 82 ADC ADER Add upper addend with carry 
00027 100A B? 80 STA ADED Store upper augend area 
00028 100C 81 RTS 
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13. SUBTRACTING 16-BIT BINARY 
DATA MCU /MPU HD6305 FAMILY LABEL | SUB 


FUNCTION 


(a) Performs subtraction of 16-bit binary data in RAM, and stores result in RAM. 





(b) Utilizes unsigned integers in arguments. 


REGISTERS AND FLAGS |_SPECIFICATIONS 
@: Not affected ROM (Bytes) 
3 


x : Undefined 


ieesetoal gel : RAM (Bytes) 
Contents Location| Leth. [ : Result RAM (Bytes) 
; SBED Stack (Bytes) 
a 
Entry Pe Os coll 


Subtra- SBER 5 No. of cycles 
al 
ments Subtrac-— 
(RAM) 





i a : 
Interrupt 
Yes 


Borrow 
or no 
borrow 


bit C 
(CCR) 


DESCRIPTION 


(1) Function Details 


(a) Argument details 
SBED (RAM) : Holds 16-bit binary minuend. After SUB execution, contains 
subtraction result. 
SBER (RAM) : Holds 16-bit binary subtrahend. 
Bit C (CCR): Indicates whether borrow is generated or not after SUB 





execution. 
Bit C=1 : Borrow is generated in subtraction result. 
(see Fig. 2) 


Bit C=0 : No borrow is generated in subtraction result. 


SPECIFICATIONS NOTES 
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ce eas 16~BIT BINARY MCU /MPU HD6305 FAMILY LABEL et: 


|DESCRIPTION, si 


(b) Fig. 1 shows example of SUB execution. 


If entry arguments are as shown in 
part @ of Fig. 1,. subtraction result 
is stored in SBED (RAM) as shown in 
part 2) of Fig. l. 


(2) User Notes 

(a) When subtraction result is negative, 
(Minuend < Subtrahend), the result is 
2's complement. 

(b) As shown in Fig. 3, when not using 
upper byte, hold "0" in the upper 
byte. If "0" is not held, subtrac- 
tion is performed with undefined 
data held in the upper byte, and 
correct result cannot be obtained. 

(c) After SUB execution, minuend is 
destroyed because subtraction 
result is contained in SBED (RAM). 
If minuend needs to be retained 
after SUB execution, it should be 


saved in memory before execution. 


(3) RAM Description 


arguments ( SBER _ SBER+1 
eet 6 ¢ | p © A ]+Subtrahend 


| b15___ Sp ep+1 bO 
SBED( RAM) eee ee . : 
Entry | ($FC93) F Cc i ee | Minuend 


bit Cb15 SBED  SBED+1 60 


Return SBEDC RAM) i 
‘ Ss 
arguments | Copa [o] Lat Fr [8 , @ J+subtraction 


Fig. 1 Example of SUB execution 


[a 2 [+s |+Minuend 
+» Le ,cle#, 8 |+Subtrahend 


bit Ch] La js Ts 74 +subtraction 


result 


Fig. 2 Example of subtraction 
when borrow is generated 


Ce es + Minuend 
pa 


bit cf] [7 Le © | “Subtraction 


result 





Fig. 3 Example of subtraction when 
upper byte is not used 


Label RAM Description 
b7 bO 
_ ; 16-bit binary minuend is stored before 
ee Upper byte. execution. 
Lower byte 16-bit binary subtraction result is 


SBER Upper byte 





Lower byte 


stored after execution. 


16-bit binary subtrahend is stored. 
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SUBTRACTING 16-BIT BINARY 


DATA 
DESCRIPTION 


(4) Sample Application 


MCU /MPU HD6305 FAMILY LABEL SUB 


SUB subroutine is called after minuend and subtrahend are held. 


WORK1 


WORK2 


WORK3 


WORK4 


RMB 


RMB 


LDA 


STA 


LDA 


STA 


BCS 


LDA 
STA 


WORK 1 
SBED 
WORK1+1 
SBED+1 


WORK2 


SBER 
WORK 2+1 


SBER+1 


[ae 


OVER 


SBED 
WORK 3 


SBED+1 
WORK 3+1 


WORK4 


Reserves memory byte for 16-bit binary 
minuend. 


Reserves memory byte for 16-bit binary 
subtrahend. 


Reserves memory byte for 16-bit binary 


subtraction results. 


Reserves memory byte for register contents. 


Saves register contents that will be 
destroyed by SUB execution. 


Stores 16-bit binary minuend into entry 
argument(SBED). 


Stores 16-bit binary subtrahend into entry 
argument (SBER). 


Calls SUB subroutine. 


If borrow is generated in subtraction 


result, branches to service borrow routine. 


Stores subtraction result (return 
argument (SBED)) in RAM. 


----- Restores register. 


OVER Service routine in case 
of borrow. 
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SUBTRACTING 16- | | ; 
DATA ae MCU /MPU HD6305 FAMILY LABEL 


DESCRIPTION 


(5) Basic Operation 
(a) When more than 2 bytes are subtracted, perform subtraction for each byte. 
(b) Lower bytes (SBED+1, SBER+1) shown in (Formula 1) are subtracted using | 
l-byte subtraction (instruction SUB) ignoring bit C. When borrow is 


generated after performing (Formula 1), bit C is set. 
(SBED + 1) - (SBER + 1) — SBED + 1 ----- (Formula 1) 


(c) Upper bytes (SBED, SBER) shown in (Formula 2) are subtracted using 1-byte 


subtraction (instruction SBC) based on consideration of bit C. 
(SBED) - (SBER) - (bit C) ~SBED ----~ (Formula 2) 


Bit C is taken into consideration because there is borrow involved with the 


subtraction result regarding lower bytes executed in (b). 
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SUBTRACTING 16-BIT BINARY 
DATA MCU /MPU HD6305 FAMILY LABEL 


FLOWCHART 


Subtracts lower 8 bits, and stores result 


SBED+1 )— 1 maa ee eee 
(SBED+1 )—(SBER+1)~ SBED+ in minuend RAM (SBED). 








(SBED)—(SBER)—(bit C | Subtracts upper 8 bits considering borrow 
ebeece? --— (bit C) which occurred in lower 8 bits, 
—-SBED and stores result in minuend RAM (SBED). 
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Bee ee 16-BIT BINARY MCU /MPU HD6305 FAMILY tape.) sus 


| PROGRAM LISTING —_| | PROGRAM LISTING 
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00001 
90002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 


0080 


0080 
0082 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
100C 


FOOOIOIOIOR OR OOOO OOO OIOI OOK FOR HOR ROR KOR IO ORO HOR OK OOK OKI KOK KOK 2 0K I aK 


x * 
* NAME : SUBTRACTING 16-BIT BINARY DATA (SUB) * 
* > 
(OOOO OOOO OOOO OK IOI IOI OK kOIK Kk 1K 0k 2K KK 
* x 
* ENTRY : SBED <(MINUEND) * 
* SBER (¢SUBTRAHEND> * 
* RETURNS : SBED CRESIDUAL) * 
* CARRY (C=0; TRUE.C=1;:BORROW) x 
* * 
OOOO II OOOO IOI IQR KOK II IOI OK IKK 2k 2k KK 11K 0K 
*« 


ORG $80 


SBED RMB 2 
SBER RMB 2 


Minuend ->Residual 
Subtrahend 


ORG $1000 


* 

SUB EQU * 
LDA SBED+1 
SUB SBER+1 
STA SBED+1 


Entry point 

Load Lower minuend 
Subtract \Lower subtrahend 
Store Lower minuend area 


LDA SBED Load upper minuend 
SBC SBER Subtract upper subtrahend 
STA SBED Store upper minuend area 
RTS 
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FUNCTION 


14. ene 16-BIT BINARY MCU /MPU HD6305 FAMILY Sane 


(a) Performs multiplication of 16-bit binary data in RAM and stores result 


in 32-bit binary in RAM. 


(b) Utilizes 16-bit unsigned integers in arguments. 





ARGUMENTS 


Storage Byte 
| contents Seerae | ote 
Multipli-| MCAND | 
cand (RAM) 










CHANGES IN CPU 
REGISTERS AND FLAGS | SPECIFICATIONS 


@: Not affected. ROM (Bytes) 


x : Undefined 33 
RAM (Bytes) 
















: Result 











Stack (Bytes) 






No. of cycles 
785 


Reentrant 










Relocation 





Product 





Interrupt 





(Lower 2 
bytes) 








Yes 






DESCRIPTIONS 


(1) Function Details 









(a) Argument details 
MCAND (RAM): Holds 16-bit binary multiplicand. 
MER (RAM): Holds 16-bit binary multiplier. 






After MUL execution, the lower 16 bits of multiplication 






result is contained. 


PRDCT (RAM): Contains upper 16 bits of product. 






| SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed 
to hold $FFFF as entry argument. 
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PLYING 16-BIT BINARY 
au unis | wes remy | usm 


| DESCRIPTION 
(b) Fig. 1 shows example of MUL execution. sis e 
; MCAND( RAM) a 
If entry arguments are as shown in ; Cokguey oles) EE : Multiplicand 
@) ntry MCAND VICANDS # 
Fig. 1, multiplication ade 
part @of Fig. 1, multip WER (RAW [7FTS7a] «wcities 
result is stored in PRDCT (RAM) and x) MER MER+I 
. " Retu b31 bo 
MER (RAM) as shown in part @) of Fig. ey NETO Ts [Bs] os [3 Cc] — Product 
1 ($13B 8955 C) eoor PRDCTH MER MERH 
(c) Table 1 shows result when "0" is held Fig. 1 Example of MUL execution 


as entry argument. 


(2) User Notes 


(a) 


i ipli d 
As shown in Fig. 2, when not using jo o{ FA «-Multiplican 


upper byte, hold "0"' in the upper “5 Lolo] s{B] Multiplier 
byte. If "0" is not held, multipli- ne 


i <— Product 
cation is performed with undefined 


data, and correct product cannot be Fig. 2 Multiplication example when 
obtained. upper byte is not used 


Table 1 Product when not holding "0" as entry arguments 


Entry argument Return argument 


Multiplicand Multiplier Product 
(MCAND :MCAND +1) (MER : MER+1) (PRDCT :PRDCT+1: MER:MER+1) 


$eaKK * $0000 $00000000 
5000 so0000000 
$0000 $0000 $00000000 


(Note) * $**** indicates hexadecimals. 





(b) After MUL execution, multiplier is destroyed because lower 2 bytes of 


Product is held in MER (RAM). 


If minuend needs to be retained after MUL execution, it should be saved in 
memory before execution. 


(3) RAM Description 
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Label RAM Description 
b7 bO 


MCAND Upper byte 


16-bit binary multiplicand is stored. 
Lower byte 


PRDCT Upper byte : 
Pe 7 Upper 16 bits of product is stored. 


Lower byte 


16-bit binary multiplier is stored 
before execution. 
Lower byte Lower 16 bits of product is stored 
after execution. 


MER Upper byte 
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MULT IP 
en ea ce MCU /MPU HD6305 FAMILY LABEL aoe | 


| DESCRIPTION =i 


(4) Sample Application 


MUL subroutine is called after multiplicand and multiplier are held. 


WORK 1 


WORK 2 


WORK 3 


WORK4 


RMB 


RMB 


RMB 


RMB 


STA 
STX 
LDA 
STA 
LDA 
STA 
LDA 
STA 


LDA 
STA 


2 


WORK 4 
WORK 4+1 
WORK 1 
MC AND 
WORK 1+1 


MCAND+1 


WORK 2 
MER 
WORK 2+1 
MER+1 


[ise a 


LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
LDX 


PRDCT 
WORK 3 
PRDCT+1 
WORK 3+1 
MER 
WORK 3+2 
MER+1 
WORK 3+3 
WORK4 
WORK 4+1 


| 


to 


Reserves memory byte for 16-bit binary 
multiplicand. 

Reserves memory byte for 16-bit binary 
multiplier. 

Reserves memory byte for product. 


. Reserves memory byte for register contents. 


Saves register contents that will be 
destroyed by MUL execution. 


Stores 16-bit binary multiplicand into 
entry argument (MER). 


Stores 16-bit binary multiplier into entry 
argument (MCAND). 


Calls MUL subroutine. 


Stores 32-bit binary product 
(return argument (PRDCT, MER)) in RAM. 





Restores register. 
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14. MULTIPLYING 16- 
nauk BIT BINARY MCU /MPU HD6305 FAMILY 


DESCRIPTION 


(5) Basic Operation 


(a) Fig. 3 shows example of 4-bit binary multiplication. 


bit 3210 
+ yb 
1101 ---- Multiplicand 


x) 100 1 ---- Multiplier 


Multiplicand x a 
bit 0 of multiplier (1) _, 1101 ®@ 


Multiplicand * 0000 ----@ 


bit 1 of multiplier (0) — Partial products 
iw. 2 <a 
Or ee aeicties (1) ae. See ——- @ 
~ 1110101 ----® OO Os @) 


Fig. 3 A multiplication example ($0D x $09 = $75) 


Multiplication of 4-bit binary data requires obeaiaine partial products, as 
shown inQ) , @), @) and @ , and adding them. (@) in Fig. 3 ) 

Each bit of binary data is either "0" or mi", TF multiplier bit is 1, its 
partial product is multiplicand (@ and @in Fig. 3), while if multiplier bit is 
"QO", its partial product is "0". ((@)and @)in Fig. 3) 


(b) Using Fig. 3, the program is explained as follows: 
(i) Clears RAM (PRDCT). 
(ii) IX is used to indicate number of partial product. 
(iii) To determine partial product for each 1 bit, tests whether LSB of 
multiplier (MER) , is "1" or "0". 
(iv) If "1", Adds multiplicand to RAM for product, and stores sum in RAM 
for product, because if LSB of RAM for multiplier is "1", partial product 
is multiplicand. If LSB of RAM for multiplier is "0", partial product is 
"0", and there is no execution. 
(v) To acquire the partial product for the next bit in RAM for 
multiplier, rotates RAM for product and RAM for multiplier 1 bit right. 
(vi) Decrements IX. | 


(vii) Loops (iii) to (vi) until IX is "0". 
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a 16-BIT BINARY MCU /MPU HD6305 FAMILY LABEL 


FLOWCHART 


MUL 


MUL 


0—-PRDCT: PRDCT+1 ----] tears RAM where product is to be stored. 
— 


MUL1 


Stores counter indicating number of 
partial products. 




















0, MER+1=0 Tests if LSB of multiplier is 


wy" or bb 6 bad P 
0 ,MER+1=1 
(MCAND+1 )+(PRDCT+1) 
—PRDCT+1 Adds multiplicand to product because 
____| partial product is multiplicand 
when LSB of multiplier is "1". 
(MCAND)+(PRDCT) 


+(bit C) ~ PRDCT 


Rotate (PRDCT: PRDCT 


Shifts LSB of product to upper bit 
+1)1 bit right | 


of multiplier, and shifts LSB of 
multiplier to bit C by rotating RAM 
for the product and multiplier 

1 bit right. 


Rotate (MER:MER+1) 
1 bit right 
Decrements counter indicating number of 
(IX)-1->I1X ---- ‘ 
partial products. 





ee oe eee 2 Gere: en nearer: 2 peter i a 


(1X) #0 Tests if all the partial products 
ea have been obtained or not. 
(1X)=0 
RTS 
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| PROGRAM LISTING _| LISTING 


00001 SOI ONCE ORC KFC IOIOHONOROROOR HOCH OIC MK IOC ORIEN I IOI CIE HOI IE CDK OREO CICK 
00002 * a 
00003 * NAME : 16-BIT MULTIPLATION CMUL) * 
00004 * »* 
00005 OK OIRO OOOO OOK NOR IO IOI I OIOKOI IO IO IOI OK HOOK IO 
00006 * * 
00007 * ENTRY : MACAND CMULTIPLICAND) > 
00008 * MER (MULTIPLIER) *c 
00009 * RETURNS : PROCT CUPPER PRODUCT) * 
00010 »* MER (LOWER PRODUCT) * 
00011 * * 
00012 OROIOIOIOIOR OOK IOI IO OIOK OK IK NOR OIOIOR FORK FOR ROR IO HOOK IOI OIOK IOIOK HCHO OK 216K 
00013 * 

00014 0080 ORG $80 

00015 * 

00016 0080 0002 MCAND RMB 2 Multipl icand 

00017 0082 0002 PROCT RMB 2 Product Cupper bytes) 
00018 0084 0002 MER RMB 2 Multiplier->Product (lower bytes) 
00019 * 

00020 1000 ORG $1000 

00021 * 

00022 1000 3F 8&2 MUL CLR PROCT Clear product area 

00023 1002 3F 83 CLR PROCT+1 

00024 1004 AE 10 LOX #16 Set bit counter 

00025 1006 01 8S OC MUL1 BRCLR O.MER+1].MUL2 Branch if MERCO)=0 
00026 1009 B46 81 LOA MCAND+1 MCAND+PROCT->PRDCT 

00027 1008 BB 83 ADD PRDOCT+1 

00028 1000 B7 83 STA  ~~=PROCT+1 

00029 100F Bé 80 LDA MCAND 

00030 1011 B9 82 ADC PROCT 

00031 1013 B7 82 STA PRDCT 

00032 1015S 36 82 MUL2 ROR PRDOCT Rotate product area 

00033 1017 36 8&3 ROR PROCT+1 

00034 1019 36 84 ROR MER Rotate multiplier area- 
00035 1018 36 85S ROR MER+1 -and set LS& of MER to carry 
00036 101D SA DEC x Decrement bit counter 
00027 101E 26 E6 BNE MUL 1 Loop until bit counter=0 
00038 1020 81 RTS 
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15. DIVIDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY 


FUNCTION 





(a) Performs divisions of 16-bit binary data in RAM and stores result 





(quotient and residual) in 16-bit binary in RAM. 














(b) Utilizes unsigned integers in arguments. 














CHANGES IN CPU 
REGISTERS AND FLAGS 


@: 
x : Undefined 


| : Result 
















SPECIFICATIONS 
ROM oo 


RAM ey 





Not affected 












pee thee 
| contents 


2 
[Entry 
Divisor DVS 2 
Argu- 
ments 
Quotient Gi 
“ae 
Residual rae 2 


| DESCRIPTION | 


Stack (Bytes) 


No. of cycles 
1137 























(1) Function Details 


(a) Argument details 
DVD (RAM): Holds 16-bit binary dividend. Contains quotient after DIV 






execution. 
DVS (RAM): Holds 16-bit binary divisor. 
RSD (RAM): Holds 16-bit binary residual. 









SPECIFICATIONS NOTES 
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| DESCRIPTION _ 


(b) Fig. 1 shows .example of: DIV execution. 


15. DIVIDING 16-BIT BINARY DATA MCU /MPU 7 HD6305 FAMILY $j} LABEL 


@) Return arguments 


If entry arguments are as shown in b15 bO b15  bO 
part @of Fig. 1, division result Quotient XP nm mSD Sb 
is stored in DVD (RAM) and RSD (RAM) b15 bO [bI5 bo Residual 
| BOE 
as shown part @) of Fig. l. Divisor™s Ws in TXT Dividend 
(c) Table 1 shows result of holding "0" ea ee cena 


@) Entry arguments 
as argument. 


Fig. 1 Example of DIV execution 
(2) User Notes 


(a) When not using upper byte as shown in 


Fig. 2, hold "0" in the upper byte. OC COS Fee 
If "0" is not held, division is poe je ie COE 


performed with undefined data in the : 
Fig. 2 DIV example when upper 
upper byte, and correct result cannot bytes are not used 
be obtained. 
(b) After executing DIV, dividend is 
destroyed because quotient is contained 
in DVD (RAM). If dividend needs to 


be retained after DIV execution, it 


should be saved in memory before execution. 


TABLE 1 Results when holding "0" as entry arguments 






Entry Arguments Return Arguments 


Divisor (DVS) Quotient (DVD) 
pFPe 
ro000 


x ane Gas 
(Note) | $xk*X* indicates hexadecimals. 












(3) RAM Description 










Label RAM Description 
b7 bO 
. 16-bit binary dividend is stored 
r byte © ' 
one Mpper Py before execution. 
Lower byte — 1 | 16-bit binary quotient is stored 
after execution. 
DVS Upper byte 
16-bit binary divisor is stored. 
Lower byte 
ionee Geka Work area is reserved to store 
hep PP y | | subtraction result of (DVD-DVS). 
16-bit binary residual is stored 
Lower byte | ‘ 
: after execution. 
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DIVIDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY LABEL piv 


DESCRIPTION 


(4) Sample Application 


DIV subroutine is called after dividend and divisor are held. 





WORK 1 RMB ) SE aaa Reserves memory byte for 16-bit binary 
divisor. 
WORK 2 RMB 2 ‘Seema Reserves memory byte for 16-bit binary 
dividend. 
WORK 3 RMB 2  — sires Reserves memory byte for 16-bit binary 
quotient. 
WORK 4 RMB 2 ~---- Reserves memory byte for 16-bit binary 
residual. 
WORK 5 RMB , Reserves memory byte in stack register. 
STA WORK5 } rae Saves register contents that will be 
STX WORK5+1 destroyed by executing DIV. 
LDA WORK 1 
STA DVS ____ Stores 16-bit binary dividend into entry 
LDA WORK+1 argument (DVS). 
STA DVS+1 
LDA WORK 2 
STA DVD t__ Stores 16-bit binary dividend into entry 
LDA WORK 2+1 argument (DVD). 
STA DVD+1 
| JSR —sésIV | ea Calls DIV subroutine. 
LDA DVD 
STA WORK 3 
LDA DVD+1 
STA WORK3+1 | __—_—s Stores division result (return arguments 
LDA RSD (DVD, RSD)) in RAM. 
STA WORK 4 
LDA RSD+1 
STA WORK4+1 
LDA WORK 5 I | : 
=== Restores register. 
LDX WORK5+1 
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DIVIDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY “LABEL co 


|DESCRIPTION = 


(5) Basic Operation ; 
(a) In binary code division, quotient and residual are obtained by repeated 


subtraction. Fig. 3 shows example of division ($0D + $03). 





® © 
1 0 0 <- £=Quotient 
Divisor ~ 11 % 1.1 0 1 © Dividend 
-) 1 #41 ---- @ 
0 0 =SS=' <3) 
-) 1 1 ---- ® 
- 01 ---- 6) 
+) 1 1 
00 1 
=) 1 1 
-1 0 
+) 1 
0 0 1 - Residual 


Fig. 3 Division example ($0D + $03) 


(b) Using Fig. 3, the flowchart is explained as follows; 
(i) IX is used to indicate number of shifts. 
(ii) Clears work area (RSD: RSD+l) where residual will be stored. 
(iii) Sets bit C in advance to store "1" in quotient RAM. 

(iv) Rotates DVD:DVD+l1 (dividend — quotient and RSD:RSD+tl1 left 1 bit, 
sets "1" in quotient RAM and simultaneously shifts MSB of DVD: 
DVD+1 to LSB of RSD:RSD+t1. This is because when performing subtrac- 
tion, the upper bits are fetched one by one from dividend. 

(v) Subtracts divisor, DVS:DVS+1 from RSD:RSD+l. If subtraction result 
is positive, sets LSB of DVD:DVD+l to "1". 
(Fig. 3 @-@-@) | 
If subtraction result is negative, adds divisor to subtraction result 
and clears "1" set in quotient RAM. | 
(Fig. 3 @-®©-©) 

(vi) Decrements shift counter. 


(vii) Loops (iii) to (vi) until shift counter is "0". 
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15. DIVIDING 16-BIT BINARY DATA MCU /MPU HD6305 FAMILY 


FLOWCHART 


DIV 


Loads number of shifts into shift 
16-—-> 1X a 
counter. 
O-RSD:RSDt1 a 


Rotate (DVD:DVD+1:| | 

RSD :RSD+1)1bit left 

RSD: RSD+1)—(DVS:DVS+1)}, —-—~— 
RSD: RSD+1 


- _ 


(RSD: RSD+1) <0 


(RSD: RSD+1)(DVS:DVS+D} ___ _ 
—RSD: RSD+1 
(DVD+1)—1-DVD+1 ~---- 


DIV2 


(IxX¥)-17I1X aaa 


<> - 


(1X)=0 


Clears work area where division result 
will be stored. 


Sets bit C to store "1" in quotient RAM. 









Shifts MSB of dividend to LSB of work 
area. 


Subtracts divisor from work area. 


a he a 


Tests if subtraction result is 
positive or negative. 


Adds divisor to subtraction result to 
restore contents of work area. 


Clears "1" in quotient RAM. 


Decrements shift counter. 





Tests if shift is completed. 


Cea ee ee a a 
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DIVIDING 16-BIT BINARY DATA MCU /MPU HD6305: FAMILY LABEL came 


| PROGRAM LISTING _| LISTING 


00001 [OOOO OOOO IO IOC OOOO III I IOI OK IOI IORI OK IOI OI OIOIOK 
00002 * * 
00003 * NAME : DIVING 16-BIT BINARY DATA <DIV) x 
00004 * * 
00005 (GOO IOI IOI IO IO IORI OK IKK OK KK KOI KOK IOI KOK OK 
00006 2 2 
00007 * ENTRY : DVD CDIVIDEND) kK 
00008 * DVS CDIVISOR) * 
00009 * RETURNS : DVD CQUOTIENT). * 
00010 * RSO CRESIDUAL > * 
00011 * * 
00012 ORCI CK HORI KICK KIC KCC ICCC KC ICC KC IC ICC ICC ICICI CHK KC COI ICI KIC 2K KK 2k 
00013 © * 

00014 0080 ORG $80 

00015 * 

00016 0080 0002 DVD RMB 2 Dividend -> Quotient 

00017 0082 0002 OVS RMB 2 Divisor 

00018 0084 0002 RSO RMB 2 Residual 

00019 * 

00020 1000 ORG $1000 

00021 * | 

00022 1000 DIV EQU * Entry point 

00023 1000 AE 10 LOX #16 Set shift counter 

00024 1002 3F 84 CLR RSO Clear work (set quotient afterwa~d) 
0002S 10046 3F 8S CLR RSD+1 

00026 1006 99 ~ prvi SEC Set LSB of residual area to high 
00027 1007 39 81 ROL DVD+1 Shift dividend and set MSB - 
00028 1009 39 80 ROL: DVD ~of dividend to LSB of work 
00029 1008 39 85 ROL RSO+1 . 

00030 1000 39 84 ~ ROL RSO 

00031 100F Bé 8S | LDA RSDO+i Work - divisor -—> Work 
00032 1011 BO 83 ~ SUB DVS+1 

00033 1012 B7 8S STA RSD+1 

00034 1015 Bé 84 LDA RSD 

0003S 1017 82 8&2 SBC DVS 

00036 1019 B? 84 STA RSD 

00037 101B 24 OE BCC DIV2 Branch if work > divisor 
00038 1010 B86 83 ~~ LDA DVS+1 Work + Divisor -> Work 
00039 101F BB 8S ADD RSO+1 

00040 1021 87 8S STA RSO+1 

00041 1022 86 82 !DA DVS 

00042 1025 8° 84 AOC RSD 

00043 1027 B? 84 STA RSO . 
00044 1029 3A 8) DEC DVD+1 Clear LSB of residuat aree 
0006S 1028 SA GIV2 DEC x Decrement shift counter 
00046 102C 26 D8 BNE DIV Loop until shift counter = 0 
00047 102E 81 RTS 
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16. ADDING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL : 


FUNCTION 


(a) Performs addition of 8-digit BCD in RAM, and stores result in 8-digit BCD in 
RAM. 











(b) Utilizes unsigned integers in arguments. 











CHANGES IN CPU 
REGISTERS AND FLAGS 


x : Undefined 


SPECIFICATIONS 


ROM (Bytes) 


14 
4 


ARGUMENTS 


Storage Byte 
contents | Eten | Each. 


Entry 
| Argu- 
ments 


Addend 
ce c 
Re- 
turns 
1 


Addition 
bit C 
DESCRIPTIONS 


results 
(CCR) 
(1) Function Details 














Not affected 










RAM (Bytes) 


Stack (Bytes) 


: Result 







No 










Carry or 


OO. Lorry Interrupt 


Yes 


EL 





(a) Argument details 
ABD (RAM): Holds 8-digit BCD augend. After ADDD execution, Contains 










addition result. 
ACD (RAM): Holds 8-digit BCD added. 
Bit C (CCR): Indicates whether a carry is generated or not after ADDD 





execution. 
Bit C=l: Carry is generated in addition result. 
Bit C=0: No carry is generated in addition result. 


(See Fig. 2) 


SPECIFICATIONS NOTES 
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ADDING 8-DIGIT BCD salad HD6305 FAMILY - LABEL 


| DESCRIPTION 


(b) Fig. 1 shows example of ADDD execution. 


If entry arguments are as shown in | 
b31 b0 


part @)of Fig. 1, addition results apna) (1 Tae [eo] 272] — Augend 
Cheeieie?) ABD ABDrl ABDt2ABDeS oe 
are contained in ABD (RAM) as shown in Batty 
. arguments 
part @of Fig. 1. — 7 treoosor) «L710, 0] 8, of 0, 2] Addend 


4 ACD ACD+! ACD+2 ACD+8 


(2) User Notes . 3 | roc ot Pp 
(a) As shown in Fig. 3, when not using Ope ey DODUDODE ina | sisson 
upper digits, hold "0" in the upper 


ig. | Ex 
digits. If "0" is not held, addition Fig. 1 Example of ADDD 


execution 

is performed with undefined data in 

the upper digits, and correct result eTepavs[2 0] 170] ~ Augend 

cannot be obtained. . +) fry 4]o. 2] 6.0], 0] + Addend 
(b) After ADDD execution, augend is A ss POE TEAS RE ERT 

Pe bit C[i] [1 of[4 of 8, of1, oJ- Addition 
destroyed because addition result _ result 
arry 
are contained in ABD (RAM). If augend | 
needs to be ratained after ADDD — | Fig. 2 Addition example when 


; ; : ; j nerated 
execution, it should be saved in carry 1S gene 


memory before execution. | | ToToo.o]i2][8'4]~Augend 
(c) Hold BCD data as augend and addend. +) fo’o[o 0]2.8|6.5]+Addend 


If data other than in BCD from is 
bit G[o] We[eep e [eo] Addi tion 


held, correct addition result result 


cannot be obtained. Fig. 3 Addition example when upper 
digit is not used 





(3) RAM Description 
Label RAM Description 
b7 | | bO 


8-digit BCD sugend is stored before 


ABD Upper byte 
| execution. 


8-digit BCD addition result is 
stored after execution. 
Lower byte | 


ACD Upper byte 


8-digit BCD addend is stored. 





Lower byte 
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ADDING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL 


|DESCRIPTION =i 


(4) Sample Application 


ADDD subroutine is called after augend and addend are held. 





WORK 1 RMB Qo meee Reserves memory byte for 8-digit BCD 
augend. 
WORK 2 RMB GQ temas Reserves memory byte for 8-digit BCD 
addend. 
WORK 3 RMB & =< Reserves memory byte for addition result. 
WORK 4 RMB 2 Sees Reserves memory byte for register contents 
saving. 
STA WORK4 lL Saves register contents that will be 
STX WORK 4+1 destroyed by executing ADDD. 
LDA WORK 1 
STA ABD 
LDA -WORK+1 
STA ABD+l1 |. Stores 8-digit BCD added into entry 
LDA WORK1+2 argument (ABD). 
STA ABD+2 
LDA WORK1+3 
STA ABD+3 
LDA WORK2 
STA ACD 
aR pearas ere stores 8-digit BCD addend into entry 
LDA WORK2+2 argument (ACD). 
STA ACD+2 
LDA WORK2+3 
STA ACD+3 
| 3sR = ADDD |_—Ss ----- Calls ADDD subroutine. 
BCS OVER £=------ If there is carry in addition result, 
branches to service carry routine. 
LDA ABD 
STA WORK3 
LDA ABD+1 
STA WORK3+1 ( Stores addition result (return argument 
LDA ABD+2 (ABD)) in RAM. 
STA WORK3+2 
LDA ABD+3 
STA WORK3+3 
LDA WORK4 we : 
LDX a Restores register. 


OVER Service routine in case 
of carry 
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ADDING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL 


DESCRIPTION PTION 


(5) Basic Operation 
(a) When more than 2 bytes are added, perform addition for each byte. 
(b) IX is used to indicate augend and addend addresses and is also used to count 
number of addition. 
(c) Clears bit C at first. 
(d) Performs (Formula 1) on each byte of augend and addend using index address- 


ing mode. 
Augend + Addend + (bit C) —~ ACCA ------- (Formula 1) 


Bit C is added in (Formula 1) because addition result of lower bytes 
generate carry. 

(e) Adjusts addition result of (d) to decimal value using decimal adjust 
(instruction DAA), and stores it in augend RAM (ABD). 

(f) Decrements IX each time (d) and (e) are executed. 

(g) Loops (c) to (£) until IX is "0". 
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16. ADDING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL 


FLOWCHART 


ADDD 


4+ 1X 


0o— bit C 


> > 
oS oO 
o jo) 
i i] 
—_ 

i 

l 

| 


(ABD-1+1X)+(ACD-1+1X) | _ 
+(Bit C)*ACCA = 


Decimal adjust 
(ACCA) 


(ACCA)—>(ABD-141X) | --- 


(IX)-1->I1X 


(IX)#0 


ae a SSS a 


Y 


(1X) =0 


Loads "4" in pointer indicating augend 
address and counter indicating number of 
addition. 


Clears bit C for carry operation. 


Adds addend and bit C to augend. 


Adjusts addition result to decimal . 


Stores decimal-adjusted result in augend 
RAM. 


Decrements pointer indicating augend address 
and counter indicating number of addition. 


Tests if addition in all the digits is 
completed or not. 





© HITACHI 


523 


ADDING 8-DIGIT BCD MCU /MPU HD6 305 FAMILY LABEL 


IPROGRAM LISTING _| LISTING 


rarererens WOK RRA RHR ROA RR RRO ROR OK RRR ROO ROR OR FOR ROO ROK OOH 
arerere * * 
QQ005 * NAME : ADDING &@-OIGIT BCO  <AdOO * 
Sarena * + 
aaaeS WOW WOW RCNA HCCC ROR ORK ORCC CK ROKK OOK KK 
OadVe » * * 
00007 * ENTRY : ABD CAUGEND > Om 
ooo00s * ACO CADDEND > * 
efereleh * RETURNS : ABD CSUM» * 
00010 * CARRY (C=O: TRUE.C=1:OVER FLOW) * 
00011 »* * 
00012 OK OR OOO OOK IOI IO IOI IORI OIOK OK MORO KR IO IOI OK I I OROK IOI OK IOIOIOK 
00013 * 

00014 0080 ORG $80 

0001S . * 

00016 C080 0004 ABD RMB 4 Augend -> Sum 

00017 0084 0004 ACD RMB 4 Addend 

00018 * 

00019 1000 ORG £1000 

00020 * 

00021 1000 ADOD EQU * Entry point 

00022 1000 AE 04 LDX #4 Set ADOR pointer Caddition counter) 
Q00L2 1062 98 ELE Clear carry 

00026 1003 E6 7F ADDD1 LDA ABD-1.X Augendc + addend 

oo0c2es 1005 £9 83 ADC ACD~-1.X 

00026 1007 8D DAA Convert into 8CO 

00027 1008 E? 7F STA canal 1.X Store in augend area 
C0028 100A SA DET Decrement ADDR pointer 
OO0022 1006 26 Fé 8NE nen Loop until ADDR pointer = 0 
COO30 1000 81 RTS : 
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17. SUBTRACTING 8-DIGIT BCD MCU /MPU HD6305 FAMILY 


FUNCTION 


(a) Performs subtraction of 8-digit BCD in RAM and stores result in 8-digit BCD 
in RAM. 


(b) Utilizes unsigned integers in arguments. 


CHANGES IN CPU 
REGISTERS AND FLAGS | SPECIFICATIONS 


@ : Not affected ROM (Bytes) 


x : Undefined 


| Storage | Byte 


Minuend re Stack (Bytes) 
Entry 


Subtra- SUBERS No. of cycles 
reas | [Bend | 


Borrow bit Cc 
or no 


borrow (CCR) 


a 
Subtrac- SUBEDS 4 
tion (RAM) | No 
turns 
5 


DESCRIPTION 


(1) Function Details 


(a) Argument details | 
SUBEDS (RAM): Holds 8-digit BCD minuend. After SUBD execution, Contains 
subtraction result. 


SUBERS (RAM): Holds 8-digit BCD Subtrahend. 





Bit C (CCR) : Indicates whether borrow is generated or not after SUBD 
execution. 
Bit C=0: Borrow is generated in subtraction result. 
Bit C=l1: No borrow is generated in subtraction result. 


(See Fig. 2) 





SPECIFICATIONS NOTES 
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SUBTRACTING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL } SUBD 


|DESCRIPTION = 


et Fig. 1 shows example of executing 


SUBD. If entry arguments are as 
shown in part @of Fig. 1, subtrac~ 
tion result is stored in SUBEDS 
(RAM) as shown in part @)of Fig. 1. 


(2) User Notes 


(a) 


(b) 


As shown in Fig. 3, when not using 
upper digits, hold "0" in the upper 
digits. If "0" is not held, sub- 
traction is performed with undefined 
data held in the upper digits, and 
correct result cannot be obtained. 
After SUBD execution, minuend is 
destroyed because subtraction 
result is contained in SUBEDS (RAM). 
If minuend needs to be retained 
after SUBD execution, it should be 


saved in memory before execution. 


(c) Hold BCD data as minuend and subtra- 
hend. If data other than BCD is held, 


correct subtraction result cannot be 


obtained. 


(3) RAM Description 


526 


Label RAM 
b7 bo 


SUBEDS Upper byte 


Lower byte 


SUBERS Upper byte 





Lower byte 





b31 bO 


Coeiesesoy), = 9,0 [1 273) 4] 5) 6 ]minuend 
Meise SHEN 


SOREDSN SO MEfmN est 


Entry 
arguments 


SUBERS ( RAM) 
(12345678) pi2fa 4]s 6] 78) +-Subt rahend 
ie eee et bees SUPERS 
~) 
bit C b31 


Return SUBEDS ( RAM) 
Oeervee{ MBBS CUNY [i] [TTT TTT Tre J seraccton 


esult 


Fig. | ‘evant of SUBD 
execution 


jp 2]34]5,6]7, 8 }+Minuend 


[9 of1,2)3 4] 5 6 |«Subtrahend 
eh a ee 


bit C [°] [2 2,2 2/2 2{2 2 |«Subtraction 


result 


Fig. 2 Subtraction example when 
borrow is generated 


fo ofo.o]6,7| 5, 3| -—Minuend 
fo.o[o.0]1,2] 3, 4|+Subtrahend| 
Ss ci ee eee 
bit c[2] [orofolo][s 5] 2. 1)«subtraction 


result 


Fig. 3 Subtraction example when 
upper digit is not used 


Description 


8-digit BCD minuend is stored 
before execution. 


8-digit BCD subtraction result 


is stored after execution. 


8-digit BCD subtrahend is stored. 
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17. SUBTRACTING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL ) SUBD 
DESCRIPTION 


(4) Sample Application 


SUBD subroutine is called after minuend and subtrahend are held. 





WORK 1 RMB GQ een Reserves memory byte for 8-digit BCD 
minuend,. 
WORK 2 RMB 4 aren Reserves memory byte for 8-digit BCD 
subt rahend, 
WORK 3 RMB 4 eee Reserves memory byte for 8-digit BCD 
subtraction result. 
WORK 4 RMB Zo ame Reserves memory byte for register 
: contents saving. 
STA WORK4 | Saves register contents that will be 
STX WORK4+1 destroyed by executing SHR. 
LDA WORK 1 
STA SUBEDS 
LDA WORK1+1 
STA SUBEDS+1{_ Stores 8-digit BCD minuend into entry 
LDA WORK1+2 | | argument (SUBEDS). 
STA SUBEDS +2 
LDA WORK1+3 
STA SUBEDS+3 
LDA WORK 2 
STA SUBERS 
LDA WORK2+1 
STA SUBERS+1 Stores 8-digit BCD subtrahend into entry 
LDA WORK 2+2 argument (SUBERS). 
STA SUBERS+2 
LDA WORK2+3 
STA SUBERS+3 | 
| JSR SUBD | ----- Calls SUBD subroutine. 
BCC OVER ----- If borrow is generated in subtraction 
result, branches to service borrow routine. 
LDA SUBEDS 
STA WORK3 
LDA SUBEDS+1 
STA WORK3+1 | _—=—s Stores subtraction result (return argument 
LDA SUBEDS+2 (SUBEDS)) in RAM. 
STA WORK 3+2 
LDA SUBEDS+3 
STA ~ WORK 3+3 
ee oe Restores register 
LDX WORK4+1 ne 
OVER | Service routine 
in case of borrow | 
@@ HITACHI 
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17. SUBTRACTING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL SUBD 


DESCRIPTION 
(5) Basic Operation 
(a) Subtraction of BCD can be performed by (Formula 1) and (Formula 2). 


Minuend~Subtrahend=Minuend+10's complement of subtrahend ..... (Formulail). 


10's complement of minuend=$99-Subtrahend+l] ................(Formula 2) 


(b) (Formula 1) and (Formula 2) are described as follows: 
(i) Takes 10's complements of 8-digit subtrahend by (Formula 2) and stores 
them in SUBERS (RAM). 
(ii) IX is used to indicate minuend and subtrahend, and is also used to 
count number of subtraction. 
(iii) Performs (Formula 3) on every byte from LSB of 10's complement of minuend 


and subtrahend using index addressing mode. 
Minuend+10's complement of subtrahend+(bit C) — ACCA... (Formula 3) 


(iv) Adjusts subtraction result of (iii) to decime] value using decimal 
adjust (instruction DAA) and stores it in minuend RAM, (SUBERS). 
(v) Decrements IX. 


(vi) Loops (iii) to (iv) until IX is "0". 
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SUBTRACTING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL | SUBD 


|FLOWCHART 
SUBD 
ri 10's complement of subtrahend, and 






stores it in subtrahend RAM. 
SUBD1 


However, only ($99-subtrahend) is 
$99—( SUBERS—1+LX) calculated in this part. Adds "1" in the 
—( SUBERS—1 + IX) 


next step by setting bit C. (See Formula 2 


**(5) Basic Operation’’) 
(1IX)=0 


( SUBEDS—1 + IX ) 
+f +( SUBERS—1 + IX) - 
+{(bit C)7*ACCA 





(1X) #0 


Loads "4" in pointer indicating minuend 
address and counter indicating number 
of subtraction. 








Adds 10's complement of subtrahend and 
bit C to minuend. 


Adjusts addition result to decimal. 


Stores decimal adjusted result in 
minuend RAM. 


Decrements pointer indicating minuend 
address and counter indicating number of 
subtraction. 


Tests if subtraction in all the digits 


(IX) # 0 
is completed or not. 
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SUBTRACTING 8-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL | SUBD 


|PROGRAM LISTING = LISTING 


00002 * * 
00003 * NAME : SUBTRACTING 8-DIGIT BCD <¢‘SUBD) * 
00004 * * 
0000S OOOO OOOO OOOO OOK OOK OOK OK IOK OOK I IO KK KOK KOK OK KOK OK 
00006 * * 
00007 »* ENTRY : SUBEDS CMINUEND) * 
00008 * SUBERS (SUBTRAHEND) * 
00009 »* RETURNS : SUBEDS CRESIDUAL) * 
00010 * CARRY ¢(C=1;TRUE.C=0;BORROW) x 
00011 »* * 
00012 FOOOOIOOIOGOK OOOO OOOO OOK IOI IO OR OI OK III OOK KOO KOK KK IOOK 
00013 * 
00014 0080 ORG $80 
0001S * 
00016 0080 0004 SUBEDS RMB 4 Minuend -> Residual 
00017 0084 0004 SUBERS RMB 4 Subtrahend 
00018 * 
00019 1000 ORG $1000 
00020 * 
00021 1000 SUBD EQU * Entry point 
00022 1000 AE 04 LDXx #4 Set subtraction counter 
00023 1002 Aé 99 SUBD: LDA HESS 99999999-Subtraend 
00024 1004 EO 83 SUB SUBERS-1.X -> SUBERS 
0002S 1006 E? 83 STA SUBERS-1.X 
00026 1008 SA DEC X 
00027 1009 26 F7 BNE SUBD1 
00028 1008 99 SEC Set carry bit 
00029 100C AE 046 LOX #4 Set ADDR pointer(subtraction counter) 
00030 100E E6é 7F SUBDZ2 LDA SUBEDS-1,X Minuend + negative of subtrahend 
00031 1010 E9 83 ADC SUBERS-1.X 
00032 1012 8D DAS Convert into BCD 
00033 1013 E? 7F STA SUBEDS-1.X Store in minuend area 
00034 1015 SA DEC x Decrement ADDR pointer 
00035 1016 26 Fé. BNE SU8D2 Loop until ADDR pointer = 0 
00036 1018 81 RTS 
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FUNCTION 


18. 16-BIT SQUARE ROOT MCU /MPU HD6305 FAMILY SQRT 


(a) Obtains square root of 16-bit binary data in RAM and stores result in RAM. 


(b) Utilizes unsigned integers in argument. 


CHANGES IN CPU 
REGISTERS AND FLAGS | SPECIFICATIONS 


@: Not affected ROM (Bytes) 
Storage {| Byte | : Result | RAM (Bytes) 


Stack (Bytes) 
Data ae 
PUEEY to be No. of cycles 


squared 


Argu- 
ments 





No 
Re- Relocation 
Interrupt 


DESCRIPTION 


(1) Function Details 


(a) Argument details 


SQRD : Holds 16-bit binary data to b15 


Entr 
(RAM) ® argument sesso 


be squared. argument yy 


SANS+1L Contains 16-bit binary square 
(RAM) 





root. ® Return Rano 


. reument ($F1) 
Fig. 1 shows example of SQRT ex- Pee SANS+1 


ecution. If entry argument is as 


Fig. 1 Example of SQRT 


h i f Fig. 1 : 
shown in part @of Fig. 1, square Bvecution 


contained in SANS+l1 (RAM) as shown in 
part @)of Fig. 1. 


SPECIFICATIONS NOTES 


"No. of cycles" represents the number of cycles needed to get square root of 
$FFFF. 
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16- -BIT SQUARE ROOT MCU /MPU HD6305 FAMILY LABEL | SQRT 


[DESCRIPTION | 


— User Notes. 


(a) When not using upper byte as shown 
in Fig. 2, holds "0" in the upper byte. | 
If "0" is not held, square root is 


obtained with undefined data Held in 


the upper byte, and correct result ; 
Fig. 2 Example when not upper 


cannot be obtained. bytes are not used 


(b) Values to the right of the binary 


point are truncated. 


(3) RAM Description 


Label RAM Description 
b7 bO | 
SQR D Upper byte 
| 16-bit binary data is stored. 
Lower byte | 
: Work area is reserved to store square 

SANS Upper byte root before execution. 

| 8-bit binary Square root is stored in 

(SANS+1) Lower byte SANS+1, and "0" is stored in SANS 


after execution. 
WORK Upper byte 
rs ry Work area is reserved to operate on 


Lower byte upper 2 bits of data to be squared. 





\ 
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16-BIT SQUARE ROOT MCU /MPU HD6305 FAMILY SQRT 


| DESCRIPTION = 


(4) Sample Application 


SQRT subroutine is called after data to be squared is held. 


WORK 1 


WORK 2 


WORK 3 


RMB 


RMB 


RMB 


STA 
STX 
LDA 
STA 
LDA 
STA 


WORK1+1 
SQRD+1 


[se S08 | 


LDA 
STA 


LDA 
LDX 


SANS+1 
WORK2 


WORK3 
WORK3+1 


ED CRD cept ee es 


Reserves memory byte for binary 
data to be squared. 


Reserves memory byte for 16-bit binary 
square root. 


Reserves memory byte for register contents 
saving. 


Saves register contents that will be 


destroyed by SQRT execution. 


Stores data to be squared into entry 


argument (SQRD). 


Calls SQRT subroutine. 


Stores 16-bit binary square root (return 
argument (SANS+1)) in RAM. 


Restores register. 
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16-BIT SQUARE ROOT MCU/MPU HD6 305 FAMILY LABEL | SQRT 


| DESCRIPTION = 


(5) Basic Operation 
(a) Fig. 3 shows calculation to obtain square root of 16-bit binary data, $05 of 


hexadecimal $22 data to be squared. 


@®OQ () ® ® 
: | 1 : 0 | 1 ORT Square root 
; | : 
I | Data to be 
+ Ee | 
| squared 





Fig. 3 Calculating a square root 


(b) The calculation in Fig. 3, is explained as follows: 
(i) Clears square root area, SANS:SANS+1 and work area SWORK:SWORK+1. 
(ii) Rotates SQRD:SQRD+1 and SWORK:SWORK+1 2 bits left to fetch upper 2 bits 
of data to be squared, and sets upper 2 bits of data to be squared in 


SWORK:SWORK+1. (Fig. 3 ®-@) 
(iii) Sets "1" in 2-byte area, SANS!:SANS+1 from RAM address shown in SANS. 


(Fig. 3@-@) 
(iv) Subtracts SANS:SANS+1 from SWORK:SWORK+1, and stores result in 
SWORK: SWORK+1. (Fig. 3D-@,@, @) 
(v) When result is positive, increments SANS+1. (Fig. 3@-@) 


When result is negative, decrements SANS+1, and adds SANS: 
SANS+1 to SWORK:SWORK+1. (Fig. 30,®- ©) 


(c) In SQRT, loops (ii) to (v) 8 times and then shifts SANS:SANS+1 1 bit. 
right to halve SANS: SANS+1. (Fig. 3@, ®- ®is square root). 
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FLOWCHART 


18. 16-BIT SQUARE ROOT MCU /MPU HD6305 FAMILY LABEL | SQRT 


SQRT 


172) 
4 
=) 
ar | 


Loads number of shifts into shift 
counter. 


t 


1X a 


~ 7 


0-SWORK: SWORK+1 Clears RAM used to obtain square 


root (solution). 


0O-SANS:SANS+1 


SQRT 1 


Rotate (SQRD:SQRD+t1) 
1 bit left 


Rotate(SWORK:SWORK+1) 
1 bit left Stores upper 2 bits of data to be 


squared in lower 2 bits of work area. 


Rotate (SQRD:SQRD+t1) 
1 bit left 


Rotate(SWORK : SWORK+1 ) 
1 bit left 


Se ey ee 


> bit C 


Sets "1" in solution. 


Rotate (SANS : SANS+1) 
i bit left 

(SWORK: SWORK+1)-(SANS:SANS+ Subtracts solution from work area. 
+> SWORK: SWORK+1 


+ 


Tests if subtraction result 


( SWORK:SWORK+1)<0 mae 
is positive or negative. 


SQRT3 
(SWORK: SWORK+1) = 0 
(SWORK: SWORK+DHS ANS:SANSH ad es 
~-SWORK: SWORK+1 
| CSANS+1)—1-SANS+1 
(SANS+1)+1-SANS+4+1 aa 


SQRT 2 
(IxX)-1 — IX a 


neni ene” 


SQRT 4 1X)=0 


Shifts (SANS) | 
1 bit right Shifts solution to right to halve 





Adds solution to subtraction result 
to return to the state before subtrac- 
tion. 


peo wee ee 


Clears "1" set in solution. 





Increments solution. 


Decrements shift counter. 


Tests if shift is completed or 
not. 


“5 SANS: SANS+1 . 
Rotate (SANS+1) 
1 bit right 
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16-BIT SQUARE ROOT MCU /MPU HD6305 FAMILY -LABEL | SQRT 


}PROGRAM LISTING = LISTING 


936 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
Y0008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 


- 00036 


00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
000S2 
00052 
00054 
OO0O0SS 
000S6 


— 00057 


0080 


0080 
0082 
0084 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
100C 
1O0E 
1010 
1012 
1014. 
1016 
1018 
101A 
1018 
101D 
101F 
1021 
1023 
1025S 
1027 
1029 
102B 
1020 
102F 


1030 


1032 
1034 
1036 
1037 
1039 
1038 
103D 
103F 
1041 
1043 
1045 


0002 
0002 
0002 


1000 


AE 
3F 
3F 
3F 
3F 
39 
39 
39 
39 
39 
39 
39 
39 
99 
39 
39 
Bé 
BO 
B? 
Bé 
B2 
B? 
25 
3C 
SA 
26 
37 
36 
81 
Bé 
BB 
B? 
Bé 
B9 
B? 
3A 
20 


08 


84 - 


85 
82 
83 
81 
80 
85 
84 
81 
80 
85 
84 


83 
82 


8S. 


83 
85 
84 
B82 
84 
OA 
8&3 


82 
83 


85 
83 
85 
84 
82 
B84 
83 
ES 


JOKOIOICCIOIOIOIOIOK IOI OIOR NOK HOR OIOROROIOR OK OK ICIOROI OK IOHOROHOROIOR HOR HOR HOCK 2K 


> 


»* NAME : 


* 


16-BIT 


* 


SQUARE ROOT (SORT) * 


* 


DHE KE IC OK OIC IC ICC IC CICK CIC DIC IK OIC IC 3K KCK ICO CONC DIK 0K DICK ICC IC CDC DIC IG DIC CICK CIC ICC 3K CK 


* 
* 
* 
*K 


ENTRY : 
RETURNS : 


* 


SQRD (16-BIT BINARY DATA) x 
SANS CSQUARE ROOT) * 


*« 


DAC CIC DIC IC 2 96 CC DCI DIC CK DC OK DC ICO OIC IC DIC IC HC IC OC DIC IC DC DIC DIC IK DC DIC DIC DIC DIC 246 DIC DIC IC IC 2G OC DIC 0K DK OK 


* 


ORG $80 
*« 
SOQRD RMB 2 Input 16-bit binary data 
SANS RMB 2 Square root 
SWORK RMB 2 Work area 
«K 
ORG $1000 
* 
SORT EQU * Entry point | 
LOX #8 Set shift counter 
CLR SWORK — Clear Work area 
CLR SWORK +1 
CLR SANS Clear square root area 
CLR SANS+1 
SORT? ROL SORD+1 Shift upper 2 bits of SORD area 
ROL SOQRD -and set Lower 2 bits of swork 
ROL SWORK+1 
ROL SWORK 
ROL SGRD+1. 
ROL SGRD 
ROL SWORK+1 
ROL SWORK 
SEC Set LS8 of SANS e@rea 
ROL SANS+1 
ROL SANS 
LDA SWORK+1 Swork - SANS -> Swork 
SUB SANS+]1 
STA SWORK +1 
LDA SWORK 
SBC SANS 
STA SWORK 
BCS SORT3 Branch if minus 
INC ia SANS + 1 -> SANS 
SORT2 DEC Decrement shift counter 
BNE Sanya Loop until shift counter = 0 
ASR SANS Halve SANS: SANS+1 
ROR SANS+1 
RTS 
SORT3 LDA SWORK+1 Add again 
ADD SANS+1 
STA SWORK+1 
LDA SWORK 
ADC SANS 
STA SWORK 
DEC SANS+1 SANS -1 -> SANS 
BRA SORTZ Brench SORT? 
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19. CONVERTING 2-BYTE HEXA- 
DECIMALS INTO 5-DIGIT BCD oe Aces Renee pice 


FUNCTION 


(a) Converts 2-byte hexadecimals data in RAM into 5-digit BCD data and stores 
result in RAM. 










(b) Utilizes unsigned integers in argument. 


RECISTERS AND FLACS | SPECIFICATIONS 


@ : Not affected ROM. — 
Serene ees : a ial 
| Sones : Result RAM (Bytes) 


Stack (Bytes) 
ies [Stack (Bytes) 
hexa~ | (ra) | 2 |} CL ae, 
decimal 
No. of cycles 
1257 


ce Ceo iro 


| DESCRIPTION 





—— Function Details 


(a) Argument details 


HEXD : Holds 2-byte hexadecimals to 
(RAM) 
Entr xX 
® = HEXD( RAM) 


DECD : Contains 5-gidit BCD. argument | (S8CDFE) 
(RAM) HEXD HEXD+1 





be converted into BCD. 


Fig. 1 shows example of HEX execution. b19 | 


If argument is as shown in part @ of @ Return | Pchake fo. sf 2 7 
j rhs , P (52734) 


Fig. 1, 5-digit BCD, in this case argument BEGET DECDET DECDI: 
"52734" is held in DECD (RAM) (see part 


@)of Fig. 1). Fig. 1 Example of HEX EXECUTION 
(2) User Notes | 


"0" is held as MSD (10°) of return 
argument. 


SPECIFICATIONS NOTES 
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CONVERTING 2-BYTE HEXA- © 
DECIMALS INTO 5-DIGIT BCD 


DESCRIPTION 


(3) RAM Description 


19. 






Mcu/MpU | = 4D6305 FAMILY LABEL 


Label RAM 


b7 bO 
Upper byte 


Description 


HEXD 
| 2-byte hexadecimalsis stored. 
Lower byte 


DECD 


Upper byte 


’ 5-digit BCD is stored. 


Lower byte 


Loop counter is stored which counts up to 
1 


HCNTR 6. 





ee | ney | eee 


(4) Sample Application 


HEX subroutine is called after 2-byte hexadecimals is held. 


WORK 1 RMB 20 eee 
WORK 2 RMB a 
WORK 3 RMB 2 eee 
STA WORK 3 = 
STX WORK 3+1 
LDA WORK1 
STA HEXD |_____ 
LDA WORK 1+1 
STA HEXD+1 
| JSR HEX) |) SS 
LDA DECD 
STA WORK 2 
LDA DECD+1 
STA WORK2+1 [ 
LDA DECD+2 
STA WORK2+2 
LDA | WORK 3 ‘cmd 
LDX WORK 3+1 


538 


Reserves memory byte for 2-byte 
hexadecimals. 


Reserves memory byte for 5~-digit BCD. 


Reserves memory byte for register contents 


Saving. 


Saves register contents that will be 
destroyed by HEX execution. 


Stores 2-byte hexadecimals into entry 
argument (HEX). 


Calls HEX subroutine. 


Stores 5-digit BCD (return argument (DECD)) 
in RAM. | 


Restores register. 
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19. CONVERTING 2-BYTE HEXA- 
DECIMALS INTO 5-DIGIT BCD eu iNEY ea tee aati 


DESCRIPTION 


(5) Basic Operation 
(a) 4-bit binary (ABCD) construction is shown in Fig. 2 (Formula 1, Formula 2). 


Da mci 


ABCD=AX 22+ BX 224+ CX 21+ DX 2% ceveeeeseees (Formula 1) 
=({CAX2)4+B)x24+C]X 24D cree (Formula 2) 
Vt 1 ! 
| a ' 
! 
' 
t 


a ee ee 


r 


Fig. 2 4-bit binary (ABCD) 


(b) 2-byte hexadecimals can be converted into 5-digit BCD by calculating 
(Formula 2). First, calculate @ = (A X 2) + B, and adjust result into 
decimal. Next, the same calculation is done for 
p (ax 2) + C, and 
r (fx 2) + D, both of which are adjusted into decimals. 

(c) HEX uses HEXD and DECD (RAM) for @ = (A x 2) + B 
(i) Shifts 2-byte hexadecimals (HEXD) 1 bit left and rotates MSB to bit C. 
(ii) Loads 5-digit BCD (DECD) into ACCA and calculates (ACCA) + (DECD) + 

(bit C) ~ (ACCA), where @ = (A * 2) + B is executed. 


(iii) Adjusts result into decimal and stores them in DECD. 
(iv) Loops (i) to (iii) sixteen times to convert 2-byte hexadecimals into 


5-digit BCD. 
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19. CONVERTING 2-BYTE HEXA- 


DECIMALS INTO 5-DIGIT BCD 


FLOWCHART 


540 


H 


EX | 


0 -DECD: DECD+1 oe 
DECD+2 


16 —+- HCNTR 


Shifts (HEXD+1) 
1 bit left 











Rotate (HEXD) 
1 bit left 


8 —> IX 


(DECD—1+IX)-—-ACCA 


(ACCA) +(DECD—1+1X)} 
+(bit C)—~ACCA 


Decimal adjust © 
(ACCA) | 


(ACCA) ~( DECD—1+IX) 


(IX)-1— 1X 


’ 


(IX)=0 


(HCNTR)—1-+HCNTR 


<e> 


(HCNTR)=0 


McU/MPU.| =——-HD6305 FAMILY LABEL jE 


or * 


Ae eo or tS E 


I 
| 


Clears RAM where BCD is stored. 


Stores number of shifts in loop counter. 


Shifts and rotates 2-byte hexadecimals and 
sets MSB of 2-byte hexadecimals to bit C. 


Loads "3" into IX. IX is inner loop 
counter. 


Doubles RAM where BCD is stored and 
adds MSB of hexadecimal to result. 


Adjusts result into decimal and stores 
them in RAM where BCD is stored. 


Decrements inner loop counter. 


Tests if all RAM where BCD is 
Stored, are converted or not. 


Decrements loop counter. 


Tests if shifts are completed or 
not. 
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CONVERTING 2-BYTE HEXA- 
DECIMALS INTO 5-DIGIT BCD MCU /MPU HD6305 FAMILY LABEL | HEX 


PROGRAM LISTING 





00001 FOR IOOOIOIOK IO OIOR OO OIRO ROR ORO IO FORO IO IORI IOFOR HOI HOR HORORC HOOK IC 0 
00002 * * 
00003 > NAME : CONVERTING 2-BYTE HEXADECIMALS * 
00004 * INTO S-DIGIT BCD CHEX) * 
00005 * * 
00006 OOOO IOROIOI OR OIOIOIOIOI IOIOK FORO IO IOIOI IOI IORI IOI IO 20 21 21 1 1 ICOIOK OIC KK 2K 
00007 * * 
00008 * ENTRY : HEXD (2-BYTE HEXADECIMALS) x 
00009 * RETURNS : DECD (S-DIGIT BCD) * 
00010 * » 
00011 OIOOOIOIO IO IOOOIGIOIOIOIOI IO OOOIOR IOI IOI III OI IOI IOI OK HOK KOK 10K 0K 2K 2K 
00012 * 
00013 0080 ORG $80 
00014 * 
0001S 0080 0002 HE XD RMB 2 2-byte hexadecimals 
00016 0082 0003 DECD RMB 3 S-digit BCD 
00017 0085 0001 HCNTR RMB 1 Subtraction counter 
00018 * 
00019 1000 ORG $1000 
00020 * 
00021 1000 HE X EQU * Entry point 
00022 1000 3F 82 CLR DECD Clear S-digit BCO area 
00023 1002 3F 83 CLR DECD+1 
00024 1004 3F 84 CLR DECO+2 
00025 1006 Aé 10 LDA #16 Set shift counter 
00026 1008 B7? 8S STA HCNTR 
00027 100A 38 81 HEX1 ASL HEXD+1 Shift MSB of HEXD to carry 
00028 100C 39 80 ROL HEXD 
00029 100E€ AE 03 LOX #3 Set ADDR painter Caddition counter) 
00030 1010 E€é6 81 HE X2 LDA DECD-1.X DECD * 2 + C ->» ACCA 
00031 1012 E9 81 ADC DECD-1.%X 
00032 1014 8D DAA Convert into BCO 
00033 1015 E7 81 STA DECD-1.xX Store S-digit BCD ares 
00034 1017 SA DEC x Decrement ADOR pointer 
00035 1018 26 Fé BNE HEX2 Loop until ADDR pointer = 0 
00036 101A 3A 8S DEC HCNTR Decrement shift counter 
00037 101C 26 EC BNE HE X1 Loop until shift counter = 0 
00038 101€ 81 RTS 
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20. CONVERTING 5-DIGIT BCD INTO | , T 
Se Ne MCU /MPU HD6305 FAMILY | LABEL 
FUNCTION | | 


(a) Converts 5-digit BCD data in RAM into 2-byte hexadecimals and stores result 
in RAM. | 


(b) Utilizes unsigned integers in argument. 


CHANGES IN CPU 
ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 


@: Not affected | | ROM (Bytes) 
Storage Byte 
comme | heat tae 


RAM (Bytes) 
5-digit DEC 3 
decimals (RAM) 
HDATA 2 
(RAM) | 
(a) Argument details 


‘Stack (Bytes) 
DEC : Holds 5-digit BCD to be 
(RAM) 















x : Undefined 
[ : Result 


















0 

No. of cycles 
= 
[Reentraat 






2-byte 
hexa- 
decimals 





DESCRIPTION 


(1) Function Details 


converted into hexadecimal. 


HDATA: Contains 2-byte hexadecimals. @ Entry 





(RAM) argument | DEC+2 

Fig. 1 shows example of BCD execution. 

| 52734) 

If entry argument is as shown in 

part @ of Fig. 1, 2-byte hexa- Return , HDATA (RAM) b15 b0 

i | c oD|F 

decimals is contained in HDATA ® argument| (hexadecimal s[_¢ > [+5 ] 
| FE) HDATA HDATA+} 

(RAM) as shown in part (@) of 

Fig. l. 


SPECIFICATIONS HOTES 


Fig. 1 Example of BCD execution 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles 
needed to convert 59999 into hexadecimal. 
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CONVERTING 5-DIGIT BCD INTO 
2-BYTE HEXADECIMALS MCU /MPU HD6305 FAMILY LABEL cD 


| DESCRIPTION = 


(2) User Notes 


(a) If 65536 or more is held as 5-digit BCD, correct result cannot be obtained. 


(b) Holds BCD in entry argument. If other data is held, correct result cannot 


be obtained. 


(3) RAM Description 





Label RAM Description 
DEC 
Upper byte Lower byte 5-digit BCD is stored. (MAX : 65535) 
Upper byte 
HDATA Upper byte ; 
2-byte hexadecimals is stored. 
Lower byte 
BCNTR } counter is stored which counts up to 5. 
BWORK Upper byte | 
Work area is reserved to convert into 
Lower byte decimal. 


(4) Sample Application 
BCD subroutine is called after 5-digit decimals is held. 





WORK 1 RMB BS: See Reserves memory byte for 5-digit BCD. 
WORK 2 RMB BO RES Reserves memory byte for 2-byte 
hexadecimals. 
WORK 3 RMB 2 Sete Reserves memory byte for register contents 
; saving. 
STA WORK 3 } en Saves register contents that will be 
STX WORK3+1 destroyed by BCD execution. 
LDA WORK1 
STA DEC 
LDA WORK1+1 ?7-777- Stores 5-digit BCD into entry argument 
STA DEC+1 (DEC). 
LDA WORK1+2 
STA DEC+2 


| JSR BCD | Sea Calls BCD subroutine. 
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CONVERTING 5-DIGIT BCD INTO ee i | an ee | 
Q-BYTE HEXADEC IMALS | MCU /MPU HD6305 FAMILY LABEL 


DESCRIPTION 
LDA HDATA 
STA WORK 2 | 
| RE ‘eect Stores 2-byte hexadecimals. 
LDA HDATA+1 7 
STA WORK2+1 
LDA WORK 3 | 
LDX WORK34+1 [77777 Restores register. 


(5) Basic Operation 
(a) BCD consists of 2 operations; one is to fetch 5-digit BCD, digit by digit 
as shown in Fig. 2, the other is to convert fetched data into hexadecimal by 


4 bits units. 


Label RAM 
| Upper Lower 


DEC pa Counter=5 4 bits 4 bits 
a™ | eR I NGMASE, 


Counter=2,1 Counter ;Even pan 
— Shift ACCA 4 ie se 


ere —- ACCA 
Note) In the case of input g 


Fig. 2 Dividing I-byte of RAM data into two parts 


(b) Fetching (see Fig. 2) 
(i) IX is used to indicate memory address of input 5-digit BCD.stores uw" 
in counter to convert 5 digits. 
(ii) Loads input data into ACCA in order from MSB using index addressing 
mode and selects upper or lower 4 bits. 
(iii) Decrements counter every time 1 digit is loaded into ACCA. 
(iv) Loops (ii),(4ii) untill counter is "0". 
(v) During (ii),(iii) CPU checks whether counter is an even or an odd number. 
If odd, AND ACCA to $0F and fetch lower 4 bits. If even, shift ACCA 4 
bits right and fetch upper 4 bits. 
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‘CONVERTING 5-DIGIT BCD INTO | 
2-BYTE HEXADECIMALS MCU /MPU HD6305 FAMILY LABEL 


DESCRIPTION 


(c) Converting BCD into hexadecimal 


(i) 4-digit BCD construction is shown in Fig. 3 (Formula 1, Formula 2). 


ABCD=AX103+BX1024+CX10! +DX1 09 freee (Formula 1) 
=({CAX10)4+B}X104+C}X1O04D cere (Formula 2) 

(ena et een 

a 


B 


nN an aE neces re ree | 
r 


Fig. 3 4-digit BCD (ABCD) 


(ii) 5-digit BCD can be converted into hexadecimal as follows. First, 


calculate @ = (A x 10) + B to determine in Fig. 3 (Formula 2). Then 


(ax 10)+ Cand 7 = (f Xx 10) + D to determine. 


(iii) Calculation of A x 10 is shown in (Formula 3, Formula 4); 


calculate # 


A 6 10 oe AX 02-4 8) aeaseeeee ea ea Reese ae (Formula 3) 
Ax 2 (1 + 22) ------------------- (Formula 4) 


(iv) When calculating (Formula 4), BCD uses RAM of HDATA:HDATA+1 and 
BWORK: BWORK+1. That is, store A in HDATA:HDATA+1 (Formula 4), shift 
HDATA:HDATA+1 left 1 bit and store result in BWORK:BWORK+1. 

Next, shift HDATA:HDATA+1 left 2 bits and add HDATA:HDATA+1 to 
BWORK:BWORK+1 to determine Ax 10. | | 


(d) Loop (b) and (c) five times to complete conversion of 5-digit BCD into 16-bit 





binary number. 
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CONVERTING 5-DIGIT BCD INTO 
2-BYTE HEXADECIMALS 


FLOWCHART | 


20. 


to 
Q 
o 


DEC~>IX 


eo 


-5>BCNTR 


ar 


0—-HDATA :HDATA+1 


Se] 


on next page 0.BCNTR=1 


CIX)-ACCA 


(ACCA) A$0F-ACCA 


ee FT 


BCD2 


(ACCA) +CHDATA+1 ) 
—-HDATA+t+1 


O-ACCA 


cae | 


(ACCA)+(HDATA)+(bitC) 
—-HDATA 


( BCNTR) 
—>BCNT 


| foe 
R 







( BCNTR)¥ 0 | 
. ( BCNTR) =0 


rae 


Continued 
on next ( BCNTR)=0 
page 

RTS 
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MCU /MPU HD6305 FAMILY LABEL 


Loads start address of RAM where 
5-digit BCD is stored, into IX. 


Stores "5" in digit counter to fetch 
5-digit BCD digit by digit. 


Clears RAM where 2-byte hexadecimals is 
stored. 


Tests if upper 4 bits, 
or lower 4 bits in 1-byte BCD are to be 


converted. 
0,BCNTR=0 : upper 4 bits 
0O,BCNTR=1 : lower 4 bits 


Fetches lower 4 bits from RAM where 
5-digit BCD is stored. 


Adds 1 digit of 5-digit BCD to 


HDATA:HDATA+1 where 2-byte hexadecimals is 


stored. In Formula 2 of "(5) Basic 
Operation", A, B, C, or D is added to 
HDATA:HDATA+1. 


Decrements digit counter. 


Tests if 5-digit BCD conversion is 
completed or not. 
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CONVERTING 5-DIGIT BCD INTO 
2-BYTE HEXADECIMALS MCU /MPU HD6305 FAMILY LABEL 











FLOWCHART 
BCD4 
(IX) + ACCA 
Fetchs upper 4 bits from RAM 
Shift (ACCA) where 5-digit BCD is stored. 
4 bits right 
Continued on 
previous page 
BCD5 
0, BCNTR=1 Tests if lower 4 bits of l-byte 


BCD is converted or not. 

Increments RAM address where 
(IX) +14 1X Hae 

BCD is stored. 


BCD3 
Shift (HDATA+1) 
1 bit left 
Rotate (HDATA) 
| 1 bit left 


CHDATA) — BWORK 


Doubles HDATA:HDATA+1. Product is 
saved in work area, BWORK: BWORK+1. 


— se oe oe 


(ACCA) — BWORK+ 1 
Shift (ACCA) 
1 bit left 





Rotate (HDATA) 

1 bit left reeees 
Shift (ACCA) 
1 bit left 

Rotate (HDATA) 

1 bit left 

(ACCA )+( BWORK+1 ) Adds doubled HDATA:HDATA+1 to eight times 

pede Ce oe multiplied one and stores result in 


CHDATA ) +( BWORK ) HDATA:HDTA+1. As a result, 
+(bit C)-HDATA 


HDATA:HDATA+1 is multiplied by ten. 
Continued on 
previous page 
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Multiplies doubled HDATA:HDATA+1]1 by four. 
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20. 


CONVERTING 5-DIGIT BCD INTO 
2-BYTE HEXADEC IMALS 


PROGRAM LISTING 


00001 
00002 


00003 — 


00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 


00022 


00023 
00024 
00025 
0002é 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 


00038 


00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
0004 
00049° 
o00sC 
00051 


Q00S2 


000S2 
00054 
Q00SS 
000S6 
00087 
00058 
Q00S9 
00060 
00061 
00062 


0080 


0080 
0083 
0085 
0086 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
1000 
100E 
1010 
1012 
1014 
1015 
1017 
1019 
1018 
1010 
1O1E 
101F 
1020 
102] 
1022 
1023 
1025 
1028 
1029 
1026 
1926 
1Q2F 
1031 
2032 
1035 
1026 
103& 
1039 
1036 
103D 
103F 
1041 
1043 
1045 


0003 
0002 
0001 
0002 


1000 


AE 
A6 
B? 
SF 
SF 


Fé 
AG 
BE 
B? 


GF 


BS 
B? 
3A 
26 
81 
F6 
64 
4G 
44 
44 
20 


00 


SC 
Zz 

S32 
Bé 
Br 
Bé 
B? 
48 


48 
a? 
BE 
Br 


Bé © 


BS 


B? 
20 


80. 


0S 
85 
83 
84 
85 


OF 
84 
83 
83 


85 
08 


11 











MCU/MPU | — HD6305 FAMILY j cape | 3cD 


(OOOO IO IOI OO IORI IO IO IORI OI OK III KOK OK IORI OI KK 2K 24 


* 
* 
* 
* 


NAME 


* 


> CONVERTING S-DIGIT BCD »* 
INTO 2-BYTE HEXADECIMALS 


(BCD > * 


*K 


JOO IO OIOIOIOIOOO IOI IO IOI OI IORI IKK IOIOR IO I OK IOI OK OK KOK IK 2K 2K 


* 
* 
* 
* 


ENTRY 
RETURNS : 


> DEC 
HDATA 


* 


(S-DIGIT BCD) * 
€2-BYTE HEXADECIMALS) * 
* 


DH IC IC KK OK IC IK ICC IK IKI I KICK IOI ICICI IORI IC IOC IOI IC OI IK OIC IK IK KIC 0K 2K 2k 


* 


* 

DEC 
HDATA 
BCNTR 
BWORK 


BCD 


BCD1 


BCD2 


BCD4 


BCDS 
BCD5 


_ LDA 


ORG $80 
RMB 3 S-digit BCD 
RMB 2 2-byte hexadecimals 
RMB 41 Digit counter 
RMB 2 Work area 
ORG $1000 
EQU »* Entry point 
LOX #DEC Load BCO DATA ADDR 
LDA #5 Set figure counter 
STA BCNTR 
CLR HDATA Clear Hex area 
CLR HDATA+1 
BRCLR O,BCNTR.BCD4 Branch if bitG = 0 
LDA 0.x 
ANC ~#SF Set Lower 4 bits of BCD data 
ADD HDATA+1 ACCA + HDATAt+1 -> HDATA+1 
STA HDATA+1 
CLR A Ctear ACCA . 
ADC HDATA ACCACO) + HDATA + C->HDATA 
STA HDATA 
DEC BCNTR Decrement digit counter 
BNE BCDS Loop until figure counter = 0 
RTS 
LDA 0.X Set upper 4 bits. of BCD data 
LSR A 
LSR A 
LSR A 
LSR A 
BRA BCD2 Branch BCO2 
BRSET 0O.BCNTR.BCOD3 Branch if bitO = 1 
INC x Increment BCD data ADDR 
ASL HDATA+1 HDATA:HDATA+1*2->BWORK : BWORK +1 
ROL HDATA | 
LDA HDATA 
STA BWORK 
LDA HDATA+1 
STA BWORK+1 
ASL A HDATA:HDATA+1*4—>HDATA: HDATA+1 
ROL HDATA | 
ASL A 
ROL HDATA 
ADD BWORK+1 HDATA+] + BWORK+i1->HDATA+ 
STA HDATA+1 
BWORK 8 
ADC HDATA HDATA + BWORK + C -> HDATA 
STA HDATA . 
BRA BCD1 Branch BCD1 
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21. SORTING MCU /MPU HD6305 FAMILY LABEL! SORT 


FUNCTIONS 


(a) Sorts unsigned byte oriented data in RAM in descending order. 






(b) Permits number of bytes to be sorted to be freely selected. 


















(c) Utilizes unsigned integers in arguments. 


ARGUMENTS REGISTERS AND FLAGS SPECIFICATIONS 
@ : Not affected ROM (Bytes) 
Storage Byte 
| _eomeenee Eocefn| tet 


10 
‘No. of 
bytes to | ACCA 1 
be sorted 
ERC Starting 

Argu- address 

ments of data IX 1 
to be 
sorted 


RAM (Bytes) 
Re- 
turns 


DESCRIPTION 
ACCA: Holds number of bytes to be sorted; (No. of bytes to be stored - 1) 
































: Result 


No. of cycles 








Stack (Bytes) 
(1) Function Details 


(a) Argument details 





l-byte hexadecimal. 
IX : Holds starting address of data in RAM to be sorted in l-byte 


hexadecimal. 


CARA Oe IN ew Set 


SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed to 


sort 5-byte ascending data to descending. 
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DESCRIPTION 


21. SORTING MCU /MPU HD6305 FAMILY LABEL | SORT 


b) Fig. 1 shows le of SORT ion. 
(b) Fig example o execution eo nay BO 


If entry arguments are as shown in part @ of ACCA( $04) 
Fig. 1, sorted data is stored from 

IX ($90) 
address $90 in descending order (see 





part @)of Fig. 1). Entry Start 
As data to be sorted is 5-byte, $04 argument S| address $90 
. of data 
(Number of bytes to be sorted; ($05)-1) coo be 
is held in ACCA. | sorted (IX) 
(2) User Notes 
(a) When loading number of bytes to be 
sorted, holds (No. of bytes to be sorted 
Sorted 
- 1) to ACCA for effective loop processing. ae 


(b) Stores data to be sorted in RAM @ Result 


using direct addressing. 





Fig. 1 Example of SORT execution 


(3) RAM Description 


Label RAM Description 
b7 bO 
SWORK 1 \ IX (address pointer) is saved. 
BORIS Work area is reserved to exchange data 
SWORK3 during sorting operation. 
Counter is stored which shows how many 
SCNT 1 bytes remain to be sorted. 
SCNT 2 | Counter is stored which shows how many 


bytes remain to be compared. 
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SORTING MCU /MPU HD6305 FAMILY SORT 


| DESCRIPTION = 


(4) Sample Application 


SORT subroutine is called after start address and number of bytes to be sorted 


are held. 
WORK1 RMB 1 
WORK2 RMB 1 


LDA WORK 1 


LDX WORK 2 


[asx son] 





mee Reserves memory byte for number of 
bytes to be sorted. 
----- Reserves memory byte for start address 


to be sorted. 


oo Loads number of bytes to be sorted into 


entry argument (ACCA). 
ass Loads start address of data to be sorted 
into entry argument (IX). 


----- Calls SORT subroutine. 
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SORTING MCU /MPU HD6305 FAMILY. PBEED secs 


| DESCRIPTION si 
(5) Basic Operation 


(a) Fig. 2 shows how three byte values are sorted in descending order. 


=3 


a 
First To Bo teeta eeewesees Q) 
comparison ras B.. eesti @) (Note) 
times jf Loon me 
(n-1=2) : @ #~ ~“* shows comparison. 
Second ie 
comparison 19 : Be eae @ a shows data exchange. 
times ow, secsieaeesias ® 
(n-2=1) 


Fig. 2 Example of Sorting 


(i) Finds the largest value among three and puts it into left position. 


(See Fig. 2@,@and@) 


(ii) Compares middle and right values and puts larger one in middle. 
(See Fig. 2@,@and@®) 
(b) Program processing 
(i) Uses IX as two pointers. 
(ii) First, use IX as pointer showing memory address where data is stored. 
(iii) Loads this data into ACCA to be compared. 
(iv) Increments address where data is stored and compares new value with 
| value (indicated with using index addressing mode) in ACCA. 
(v) If value is larger than compared value in ACCA (memory > ACCA) , 
exchange them. 
(vi) Loop (iv) to (v) until counter SCNT2, showing number of remaining 
bytes, reaches "0". 
(vii) When SCNT2 reaches "0", the largest data is stored in ACCA. 
(viii) Then use IX as pointer when storing the largest data. 
(ix) Stores contents of ACCA in address IX points, and loads next address, 
at which the next largest data is to be stored, into IX. 
(x) Decrements counter SCNT1 showing how many bytes remain to be sorted. 


(xi) Loops (iv) to (x) until SCNT1 is "0". 
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21. SORTING | MCU /MPU HD6305 FAMILY LABEL | SORT 


FLOWCHART 


SORT 


” 
e) 
{i 
| 


Stores number of bytes to be sorted in 


(ACCA) —~SCNT1 SCNT1. 


~” 
(e) 
w 
a) 
~~ 


(ACCA) > SCNT2 Stores number of bytes to be compared in 
SCNT2. 
Saves start address of data to be sorted 
in RAM. 


(IX) - ACCA Loads first data to be sorted into ACCA. 


SORT 2 


Increments address pointer. 


C(IX)+1—7 1X 







(1X) +sworK1 | -- 
(ACCA) 2(1X) Z Compares contents of ACCA with value of 


(ACCA) — (IX) data pointed by IX. 


(ACCA)< (1X) 


+ 
| 
4 
4 
al 
{ 
{ 
{ 


Exchanges data in ACCA with that pointed 


: by IX. 
( SWORK 2) — (1X) 


( SWORK3 ) - ACCA 





SORT 3 


(SCNT2)-—1 


> SCNT 2 Decrements number of bytes to be compared. 


_ Tests if all the comparisons are 


(SCNT2)#0 completed or not. 


’ 


(SCNT2)=0 


& Continued on 
next page 
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SORTING MCU /MPU HD6305 FAMILY LABEL | SORT 


| FLOWHART sid 









(ACCA)—>( 1X) 


| Stores maximum data in RAM in descending 
order. 


~~=-{ Tneremente address whose data is loaded to 
ACCA. 


Lean number of bytes remaining 
to be sorted. 


Loads the number of bytes remaining 
to be compared. 


Tests if all the data is completed 
or not. 


Continued on 
previous page 
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00001 
00002 
C0003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
0004) 
000462 
900043 
00044 
000465 


0080 


0080 
0081 
0082 
0082 
0084 


1000 


1006 
1002 
1004 
1006 
1007 
1008 
1009 
1008 
100D 
100E 
1010 
1012 
1013 
1015S 
1017 
1019 
1016 
TO1C 
1012D 
1QiF 
102} 


1023 


0001 
0001 
0001 
0001 
0001 


1000 
B7 83 
B? 84 
BF 80 
F6 
SC 
Fl 
24 OA 
8? 81 
Fé 
B? 82 
Bé 81 
F? 
Bé B2 


2¢ /E6 
BE &0 


SC 
3A 83 
Re 23 
26 OF 
82 


SORTING MCU /MPU HD6305 FAMILY SORT 


| PROGRAM LISTING __ LISTING 


OIOIOOIOROIOIOOOIOIOROROIOK OOK OI IR OK KOK 26 ICICI I HC ICC IC IC KIC KC 2K KC CCC OIC HC OIC 3 


* 


*« 


»* NAME SORTING ¢SORT) » 
* * 
OOIOIOIOOIOIOIOIOIOIOR ROIOIOI OK IO OK IOI OOK OI OK 2OIOIOIOIOROROIOK 0K KK KOKI CIC ICI IC 2K 
* « 
* ENTRY :-ACCA CVOLUME OF SORTING DATAD * 
* IX CTOP ADDR OF SORTING DATAS)»x 
* RETURNS : NOTING * 
* *« 
HOO II HOI HONCHO ICONIC IC HC ICICI CIC IC ICICI CIC CHC IC 2K ICI IC IC IK CC DIK CIC IC CIC IC IC IK 2 ik 
* 
ORG $80 
* 
SWORK1 RMB 1 Work tor ADOR pointer 
SWORK2 RMB 1 Work for data exchange 
SWORK3 RMB 1 Work, for data exchange 
SCNT1 RMB 1 Counter tor sorting data 
SCNT2 RMB } Counter for comparing data 
* 
ORG $1000 
* 
SORT EQU * Entry point 
STA SCNT i Store counter for sorting data 
SORT1 STA SCNT2 Store counter for comparing data 
STX SWORK} Store sorting date ADDR 
LDA 0.X Load sortins data 
SORT2 INC X Set next sorting DATA ADDR 
CMP 0.X Compare comparing DATA with sorting data 
BCC SORT Branch if comparing DATA > sorting data 
STA SWORK2 Exchange each data 
LDA 0.X 
STA SWORK3 
LDA SWORK2 
STA 0.X 
LDA SWORK3 Load exchanged data 
SORTS DEC SCNT2 Decrement compare data counter 
BNE SORTZ Loop until compare data counter=0 
LOX SWORK1 Lead sortina data ADDR 
STA 0.X Store max data 
INC x Increment sorting data ADDR 
DEC SCNT] Decrement sorting daté counter 
LDA SCNT 1 Load sortins data counter 
BNE SORT 1 Loop until sarting data counter=0 
RTS 
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HD6305/HD63L05 SERIES HANDBOOK 


Section Seven 


Hardware 


Application Notes 





@ HITACHI 





€ HITACHI 
558 | 


FOREWORD 


The HD6305 is a series of CMOS 8-bit single chip microcomputers controlled by 
microprogramming. The CPU, clock generator, ROM, RAM, I/O, timer and serial 
communication interface are all resident on the chip. This series can be 


applied to a wide variety of systems, both small and large. 


APPLICATION NOTES are written to help users design hardware systems using 
examples of typical application functions with specific circuit diagrams, 


timing charts and program examples. 


Application examples in APPLICATION NOTES used in actual systems should be 


tested for proper operation. 


NOTE 
The following hardware application notes were prepared for HD6305X and HD6305Y devices. 


The applications, however, are generic in nature and also apply to HD6305U, HD6305V, and 
HD63L05 devices. 
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Hardware Application Notes 
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SCI APPLICATIONS 


11. SCI Clock Synchronous (External Clock) .......... ee eee es 748 
12. SCI Clock Synchronous (Internal Clock)................ 0c e eee 760 
13. Liquid Crystal Driver (HD61100A) Control............ 0... cee ee eee 772 


EXTERNAL EXPANSION APPLICATION | 
14: J/EXIORNGl EXDANSION 2 0c0.1-2:63 ocd dca eaahaneaide? chen se Oe Saas 784 


LOW POWER DISSIPATION/FAIL SAFE APPLICATION 
15. Low Power Dissipation Mode and HA1835P Control ................... 816 
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APPLICATION NOTES GUIDE 
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1. HOW TO USE APPLICATION NOTES 


This chapter describes the configuration for each system application 
example following this chapter. 


1.1 APPLICATION EXAMPLE CONFIGURATION 


Each application example in APPLICATION NOTES is divided into 5 


sections, as shown in Fig. 1.1. 


(Hardware) Microcomputer 
Applications 
Circuit Diagram 

Pin Functions 


c 
lst Section ———___—___-» HARDWARE ES 
Hardware Operation 


fr----- 


a Ne a ace seh I a a ea ae i eal a ee ae Ga eae eed ees tage em fal eae ase a 
er ed gree eee ee a Boe es free Oe Cee aa, ret ee ee ge me 
2nd Section ——_—__——-» SOFTWARE DESCRIPTION Program Module 
(Software) | Configuration | 
| Program Module i 
i Functions 
I Program Module Sample 
‘ Application (Main Program) 
Ge Ne ey Pe ge Ne ay Pg eta eee fey ai ee et Og “T 
3rd Section ————————-» PROGRAM MODULE | 
(Program Module) | DESCRIPTION FUNCTION I 
, ARGUMENTS 
[ CHARGES IN CPU | 
| REGISTERS AND FLAGS | 
r SPECIFICATIONS 
| DESCRIPTION Function 
Details | 
| SPECIFICATIONS User Notes | 
_ NOTES RAM I 
i Description , 
| FLOWCHART Sample | 
Application | 
| Basic 
Operation ; 
ee ee a ae: pe, eg eg Se Ge Gye Re ee ee “| 
4th Section ———_______»j SUBROUTINE | 
(Subroutine) ! DESCRIPTION FUNCTION 
| f BASIC OPERATION | 
I FLOWCHART | 
Us ce sees, “ss a es, ee. ieee de Es me te meee Re ee ee ee mal 
Me ta he Oe ee he eee oe hes he ay Dat, etek Gee l 
Sth Section ——__—_—_—» PROGRAM LISTING Main Program Listing i 
(Program Listing) | Program Module 


| Listing 
Subroutine ‘Listing 


Fig. lel Application Example Configuration 
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(1) 


(2) 


(3) 


(4) 


(5) 


lst Section (Hardware) 


Describes the function, circuit diagram or hardware operation of 
the HD6305 hardware example. | 
2nd Section (Software) 

Describes the program module to control the hardware example in 
the lst section and shows the main program when using all program 
modules. 

3rd Section (Program Module) 

Describes the program modules presented in the 2nd section in 
detail, using a modular format for more efficient system use. 
4th Section (Subroutine) 

Describes the subroutines used in the above program modules. 
Refer to it necessary when you use program module. 

5th Section (Program Listing) 


Presents sample application program listing for the above 


modules. 


A detailed explanation of all five sections follows. 


566 
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1.2 1ST SECTION (HARDWARE) 


(1) Function 


Describes system specifications for the hardware used in the 


particular application. 


Example: 


(1) Function 


(a) Controls dot matrix liquid crystal controller driver 


HD44780 (hereinafter, LCD-II) using the HD6305X0 and 
displays in character mode on liquid crystal module H2570. 
(b) H2570 displays 5x7 dot characters in l-column < 16-row. 
(c) Transfers ASCII from the HD6305X0 as display data to LCD-II. 
LCD-II automatically controls liquid crystal driver 
HD44100 and LCD by controlling LCD-II with the HD6305x0. 





(2) Microcomputer Applications 


Describes the typical functions of the microcomputer utilized for 


the particular application. 


Example: 


(2) Microcomputer Applications 


Displays characters on H2570 by controlling LCD-II data bus 


(DBy ~ DB7) and control signals (E, RS and R/W) 
through port G and port F. 
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(3) Circuit Diagram 
Shows the circuit diagram for the hardware specified above. 
Note) All the microcomputers described in APPLICATION NOTES are used 


Plastic DIP. 
Example: 


(3) Circuit Diagram 


MCU Liquid crystal module 
HD6305X0 
(HD6305Y0) 


’ 
! 
! 
! 
{ 
! 
! 
t 
' 
' 
' 
' 
t 
' 
! 
! 
' 
t 
' 
! 
Y 
! 
' 
4 


Fig. 1 H2570 Control Circuit 
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(4) Pin Functions 


Describes pin functions for interfacing external circuits using a 


table. 


Example: 


(4) Pin Functions 


Pin functions at the interface between the HD6305xX0 and LCD-IIL 
are shown in Table 1. 


(a) "Active 





Table 1 Pin Functions 


Pin 

Name Program 
(LCD- | Label 
II) | 


Level" in Table 1 indicates as follow; 


| High Enable signal | 


| High | Selects data register 
(Microcomputer + LCD-IL) 
Reads data 
(Microcomputer « LCD-IL) 


Data lines 


Logical 1 
Logical 0 
Logical 1 or Logical 0 


"Program Label" in Table 1 means there is no program 


@ HITACHI 
569 





570 


(5) Hardware Operation 


Describes hardware operation required to control external circuits 


showing timing charts. 


Example: 


(5) Hardware Operation 


LCD-II control signals (RS, R/W, E) are controlled by the 
program. Each LCD-II control signal timing chart is shown 


in Fig. 2. 


The HD6305 family utilizes 1/0 port rather than buses to 


control LCD-II to eliminate any timing restrictions on 


LCD-II. 


Pin name (LCD-II) 


DBgVDB7 
(HD6305X0°LCD-I1) 


DBQ\DB7 
(HD6305X0+LCD-11) 


SA) 


271 


—- 


*1 Data is written to LCTC at the falling edge of E. 


*2 Data from LCD-II can be read during period Tis 


Fig. 2 HD6305X0 «+ LCD-II Interface 
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1.3  2ND SECTION (SOFTWARE) 


(1) 


(2) 





Program Module Configuration 


Describes the necessary program modules to control the hardware 
specified in the 1ST SECTION. Each module in the Program Module 
Configuration figure has module No. (number of modules: 1 VN) 


at the upper right. The module No. of the main program is 'O'. 


Example; 


(1) Program Module Configuration 


The program module configuration for character display on 


the liquid crystal module is shown in Fig. 3. 


LCDMN 


Fig. 3 Program Module Configuration 





Program Module Functions 


Explains functions of each program module presented in Program 
Module Configuration. "No." in the table matches module No. in 


Program Module Configuration. 


Example: 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


[Pr mt ae [es [Pesci 





. MAIN PROGRAM Demonstrates character display on H2570. 


RESET LCD-II LCDRES | Resets LCD-II using instruction. 
a INITIALIZE LCD-II LCDINT ee Pept to display characters 
Transfers ASCII code to LCD-II and 
re DISPLAY ON LCD LCDDSP displays on H2570. 
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(3) Program Module Sample Application (Main Program) 


Explains a sample program (Main Program) in flowchart format using 


program modules described in Program Module Configuration. 


Example: 


Program Module Sample Application (Main Program) 
The flowchart in Fig. 4 is an example of character display on 


H2570 performed by program module in Fig. 3. 


The program in Fig. 4 demonstrates the display on liquid 


crystal shown in Fig. 5. 
Main Program 


Clears pointer indicating display data. 


Selects port G as output. 


Calls program module LCDRES and resets 
LCD-II. 


Calls program module LCDINT and 
initializes LCD-II1. 


ROINTE a ® Loads display data into IX using index 


RDDATA+IX) addressing modes. 
| IX 
| is if data in data table is terminator 
(S$FF). 


1X)=$FF 


—..| Celts program module LCDDSP and displays 
characters on H2570. 


(POINTR)+1 bees pointer indicating display 
+ POINTR data in data table. 


Fig. 4 Program Module Flowchart 


ePeels Ineo] btelsobob 


ee oe) ee So wo Rhwe 


Fig. 5 Example of displaying on LCD 
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1.4 3RD SECTION (PROGRAM MODULE) 


Program module detailed description consists of Format 1 to 3 as shown 


in Fig. 1.2. 


Format 3—e[nesmemewe|f bern |L_eIL J 


Format 2——e[reamerwe [bem] JCJ 


Format 1 a | a | 





SPECIFICATIONS NOTES 


Fig. 1.2 Program Module Format 
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1.4.1 SPECIFICATION Format (Format 1) 
The SPECIFICATION Format represented in Fig. 1.3. It describes 


functions and specifications for the program module used in the 


hardware sample application. Each numbered item is described 


oar) 


referring to Fig. 1.3. 


(4) [FUNCTION 
























(6) —+__nenes | 


| contense 


CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 

ROM (Bytes) 
RAM (Bytes) 


Stack (Bytes) 


No. of cycles 








beers bed 
| contence | Serage, bed 


‘ [ 
Argu- 
ments 
Re- 
turns 


(9) —+[_mesanor 


(1) Function Details 


: Not affected 
. : Undefined 
t : Result 





Reentrant 
Relocation 
Interrupt 





(2) User Notes 


(9) SPECIFICATIONS NOTES 


Fig. 1.3 SPECIFICATION Format 


(1) PROGRAM MODULE NAME: 


| PROGRAM MODULE NAME | | DISPLAY ON LCD | 
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(2) MCU/MPU: 


Indicates names of microcomputer and microprocessor the program 


module is used on. 


MCU/MPU ||HD6305x0/YO 


Indicates the name identifying program entry point. When using 


Example: 


(3) LABEL: 


the program module as a subroutine, call the label. 


LABEL | |LCDDSP 


Describes program module functions. 


Example: 


(4) FUNCTION: 


Example; 


FUNCTION 


Stores ASCII code in DDRAM of LCD-II and displays characters on LCD. 
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(5) ARGUMENTS: 


Describes both entry and return arguments for the program 


module. 


(a) Contents: 


Describes the contents of arguments. 


(b) Storage Location: 
Indicates registers or RAM in which arguments must be 
located. When an argument is stored in RAM, the storage 


location is denoted by a label followed by "(RAM)". 


(c) Byte Length: 
Indicates byte length of the arguments. 


Example: 





cantante | Serage hog 


Display 
data 
Argu- 
ments 
Re- 
turns 
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(6) CHANGES IN CPU REGISTERS AND FLAGS: 


Describes changes in CPU registers after executing a program 
module as well as flag changes in the condition code register. 
Explanation of abbreviations and symbols in the table is given 


as follows: 


(a) CPU register 
ACCA : Accumulator A 


IX : Index register 


(b) Flags of condition code register 
C : Carry/Borrow flag (Operation resulted in a carry or 
borrow) 
: Zero flag (Zero result) 
Negative flag (Negative result) 
: Interrupt flag (Interrupt mask) 


mse aN 


: Half carry flag (Carry from bit 3 to bit 4) 


(c) Status of CPU registers and condition code register flags 
e : Not affected : Previous values maintained after 


executing a program module. 


x : Undefined : Previous values destroyed after 
executing a program module. 
{ : Results : Contains results from program module 
execution. 
Example: 
CARRE Note: In the example shown, contents of 
REGISTERS AND FLAGS Accumulator A (ACCA) and Condition 
Code Register (CCR) (bit C, bit N 


@ : Not affected and bit Z) are destroyed after 

x : Undefined A 

t : Result executing the program module. 
Register contents thus destroyed 
could be saved before executing 


program module. 
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SPECIFICATIONS: 


Describes program module specifications as follows.’ | 


(a) 
- Amount of ROM used: in the program module. 


(b) RAM (Bytes): — 


(c) 


(d) 


(e) 


(£) 


(g) 


‘ROM (Bytes): 


Amount of RAM used in the program module. RAM used for. 
stack is not included. 

Stack. (Bytes): | | 

Stack size used in the program module. Stack aes used by 
a subroutine called from a user program is not imeiudeds 


When a program module is executed, memory for the stack 


must be reserved in RAM. 


Number of cycles: 
Maximum number of execution cycles required by the 


program module calculated as follows; 


Execution time (sec) «= Number of cycles x Cycle time 
Cycle time (sec) = 4 / (External oscillator (Hz)) 
Reentrant: 

Indicates whether a program module has a structure which 
can be called from two or more routines at the same time. 
Relocation: 

Indicates whether a program module can be located in any 
memory space. 

Interrupt: 

Indicates whether CPU will continue with normal execution 
after serving an interrupt routine. If not, inhibit 


interrupt before and after the program module is called. 


Example: SPECIFICATIONS | 


[nom Gyees) _| 


No. of cycles 


Yes 





@ HITACHI 





(8) DESCRIPTION: 


Describes the function of the program module in detail and 


precautions to follow. 


(1) Function Details: 
Gives an execution example and detailed functions of a 
program module. 

(2) User Notes: 
Explains notes and limitations when executing a program 


module. 
* Be sure to read these items when using program modules 


without change. 


Example: 


DESCRIPTION 






1X b7 IX b0 
® Argument 4 ASCII 
(1) Function Details ('c'=$43) 
(a) Argument details 


IX: Holds l-byte ASCII. 





Liquid crystal display 







(b) Fig. 7 shows an example of program @ Result 
module LCDDSP execution. If entry 
argument is held in IX as shown in 
part @ of Fig. 7, ASCII is stored Fig. 7 Example of LCDDSP 
in current address of DDRAM, and Execution 





characters are displayed on LCD. 






(c) Program module LCDDSP calls subroutines shown in Table 5. 










Table 5 Subroutine Called in LCDDSP 


OEeLAG LCDBSY | Checks busy flag. | 


(2) User Notes 

















(a) Selects DDR of port G as output. 


(b) Calls program modules LCDRES and LCDINT and initializes LCD-II to make 
H2570 display characters using LCD-II. 





(9) SPECIFICATIONS NOTES: 


Explains notes on data process written in (7) SPECIFICATIONS. 





Example: 





SPECIFICATIONS NOTES }/ (1) "SPECIFICATIONS" includes subroutine LCDBSY. 


(2) "No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
when subroutine LCDBSY is executed by the minimum cycles. 
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1.4.2 DESCRIPTION Format (Format 2) 


The DESCRIPTION Format is represented in Fig. 1.4. It describes RAM 
description, Sample Application and Basic Operation. 
described referring to Fig. 1.4. 


Each numbered is 


2) (3) 


( 
oer 
() —+_ sacri 


(3) RAM Description 





(4) Sample Application 


(5) Basic Operation 


Fig. 1.4 DESCRIPTION Format 
(1) PROGRAM MODULE NAME 7 
(2) MCU/MPU | Same as SPECIFICATION Format. 
(3) LABEL 
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(4) DESCRIPTION: 
Gives RAM Description, Sample Application and Basic Operation. 


(a) RAM Description: 
Explains label and function of the RAM used in the 


program module. 


Example: 


PROGRAM MODULE NAME DISPLAY ON LCD McU/MPU | | HD6305X0/Y0 
DESCRIPTION 


(3) RAM Description 





RAM is not used in program module LCDDSP. 


(b) Sample Application: 


Gives a sample application in actual use. 


Example : 


(4) Sample Application 


Program module LCDDSP is called after selecting 1/0 port, resetting LCD-II, 
initializing LCD-II and storing display data. 


LDA #SFF 
STA PGDDR 
JSR LCDRES ----Calls program module LCDRES and resets LCD-IlI. 


JSR LCDINT ----Calls program module LCDINT and initializes LCD~II. 
LDX #$41 ----Stores display data in entry argument. 


JSR LCDDSP |-~-Calls program module LCDDSP. 


f-setects port G as output. 





(c) Basic Operation: 


Explains basic operation of the program module. 


Example: 


(5) Basic Operation 





(a) Microcomputer cannot write data into LCD-II when LCD-II is in operation. 
Whether LCD-II is in operation or not can be checked by busy flag. 
Therefore, program module LCDDSP calls subroutine LCDBSY and checks 
LCD-II busy flag to test if LCD-II is in operation. 

Busy flag = 1 : LCD-II is in operation. Data cannot be written. 
Busy flag = 0 : Data can be written into LCD-II. 


Controls LCD-II control signal and writes data into LCD-II with timing 
illustrated in "2.1 HARDWARE DESCRIPTION, (5) Hardware Operation". 
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1.4.3 FLOWCHART Format (Format 3) 


The FLOWCHART Format is represented in Fig. 1.5. Each numbered item 


is described referring to Fig. 1.5. 


EI = 


(4) 





Fig. 1.5 FLOWCHART Format 


(1) PROGRAM MODULE NAME 
(2) MCU/MPU ~ Same as SPECIFICATION Format. 


(3) LABEL 
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(4) FLOWCHART: 


Gives program module flowchart. Flowchart comments are 


enterted to right. 


Example: 


PROGRAM MODULE NAME DISPLAY ON LCD MCU/MPU | | HD6305X0/yYO 
FLOWCHART 


LCDDSP 


Calls subroutine LCDBSY for LCD-II 
picts ay check. 


$02 + PFDTR -----{ Sets signals RS to High, R/W and E to Low. 


| sets signal E to High. 


IX) + PGDTR] -----] Outputs ASCII for display to LCD-IlI. 


----| sete signal E to Low. 
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1.5 4TH SECTION (SUBROUTINE) 


The subroutine format is represented in Fig. 1.6. It gives subroutines 


used by program module referring to Fig. 1.6. 


(2) a 
Oe semoornes wwe || cemee ffm] 


)—__ =a) 


(5) —> Laie rman 





FLOWCHART _ || PROGRAM MODULE USING 
(6) THIS SUBROUTINE . 





Fig. 1.6 Subroutine Format 


(1) SUBROUTINE NAME: 


SUBROUTINE NAME CHECK BUSY FLAG 
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(2) 


(3) 


(4) 





FUNCTION 


MCU /MPU: 


Indicates names of microcomputer and microprocessor family 


applicable to a program. 


HD6305X0/YO 


Example: 


LABEL: 


Indicates the subroutine entry point name. Call the subroutine 


with this label. 


LABEL | |LCDBSY 


Example: 


FUNCTION: 
Describes subroutine functions. 


Example: 





(1) Tests LCD-II status. 


(2) Loops subroutine LCDBSY until LCD-II becomes READY. 


(5) BASIC OPERATION: 


Describes subroutine basic operation. 


Example: 


BASIC OPERATION 


The MSB of data bus becomes busy flag if LCD-II data bus is read 
during RS=0, R/W=1 and E#1. 
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(6) FLOWCHART: 


Gives the subroutine flowchart. Comments are described in the 
column on the right. The program modules using this subroutine 


are shown in the upper right of the format. 


Example: 


PROGRAM MODULE USING 
THIS SUBROUTINE 
LCDBSY 


LCDINT, LCDDSP 















------| selects port G as input. 
| sets signals R/W to High, RS and E to Low. 


wane | sets signal E to High. 


Loads busy flag into ACCA. 


Sets signal E to Low. 


------ Loops until busy flag becomes "0". 





(Bit C)=0 


$FF > PGDDR 





-o---- | Selects port G as output. 
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1.6 5TH SECTION (PROGRAM LISTING) 


RAM allocation, CPU register allocation, program module and subroutine 


listing are described as follows. 


(1) RAM Allocation: 


RAM used in a program module or subroutine is allocated as below. 


Example: 








00001 * 

00002 (a)]iee RAM ALLOCATION FORO OOIOIOIOOOIOIOI III OOO CIOI IK 
00003 * 

00004 0080 (b) ORG $80 

00005 * . 

00006 0080 0001 POINTR RMB 1 Pointer of display data table 
00007 0081 0001 NCCDENT RMB 1 Loop counter 







(a) The title "RAM ALLOCATION" is followed by the actual RAM 
allocation used. 
(b) Label of allocated RAM. 
(2) Definition of Symbols 


Symbols used in a program module or subroutine are defined as 


below. 


Example: 


* 
(a) qe SYMBOL DEFINITIONS — sonoinoiioiioiicios 
* 


oo0oc PFOTR EQU $0C Port F data register 
0000 (bh ) PGOTR EQU $00 Port G data register 
00013 0007 P R €QU $07 Port G data direction register 





(a) The title is always "SYMBOL DEFINITIONS". 
(b) Symbol definitions. 


@ HITACHI 
587 


588 


(3) Main Program 


Describes main program listing of a sample application. 


Example: 


DA AC IC OI IC IC IC OC DIC OIC I IC IC EC RC OIC IC I IC 2K DIK DIC DIC FC AC COC 286 2G IC OC IC DEC IC DIC IC DIC IC DIC OIC IC RC IC 2K OIC CK 


* 
(a) 4x MAIN PROGRAM : LCOMN 
* 


OROROIOIOIOROIOIOIOIOIOIOIOROIOI OI OIOIOR HOR OROFOIOROROROIOROICIC I CIC FOI IC IC IC OKC 2K ICC 216 2K 2h 


* 


ORG $1000 
(b) x 


LCOMN CLR A 
STA POINTR 


STA PGOTR 
LOA H$FF 
STA PGDOR 
JSR LCORES 
JSR LCOINT 
LOx POINTR 
LOX ODATA. X 
CPX HSFF 
BEQ PEND 
JSR LCOOSP 
INC POINTR 
BRA LCOM1 
FE BRA PEND 


(a) The title "MAIN PROGRAM" is 





Clear pointer 
Initialize port G 


Select port G as output 
Reset LCO-IT 

Initialize LCO-IT 

Load data table pointer 
Ascii data -> IX 

Test if IX=$FF 

Branch if IX=#SFF 
Display data 

Increment pointer 
Branch always LCDM1 

End of main program 


always used followed by the 


entry point label in parenthesis. 


(b) Entry point label. 
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(4) Program Module: 
Describes program module listing of a sample application. 


Example: 


JO IOIOIOIOI IOIOIOIOI I IOI IOI IOI IOI OIDIOIDIGIOIOIOIDIOIOIGIOI IOI IO IOI IOI HOK 
; NAME : LCORES (RESET LCO-II) 

( ) s CEL eda Sesto eee eee 
k ENTRY : NOTHING 
* RETURNS : NOTHING 


b * 
( ) OROOIOROIOIOIOOIOR IOI OI OIOIORGIOR IOROIOIOIOR OI IORI OR OIOIOIOIOI IOI OIOIOR HOR IOIOROIOK KC 
03 NLCORES LDA #3 Initialize Loop counter 
81 STA LCOCNT 
oc LCORS1 LOA #$0C Initialize 15ms counter 
FF LCORS2 LOX HSFF Initialize inner counter 
LCORS3 DEC x Decrement inner counter 
BNE LCORS3 Loop until inner counter=0 
DEC A Decrement 1Sms counter 
BNE LCDORS2 Loop until 15ms counter=0 
STA PFOTR Set RS=0,.R/W=0.E=0 
LOA #$01 
STA PFOTR Set RS20.R/W=0.E=1 
LOA #$30 
STA PGOTR Write instruction data 
CLR A Set E=0 
STA PFOTR 
DEC LCOCNT Decrement Loop counter 
BNE LCORS1 Loop until Loop counter=0 
RTS 





(a) Program module title followed by the entry point label in 
parenthesis and description of entry and return arguments. 


(b) Entry point label. 
(5) Subroutine: 


Describes listing of subroutines used in the program module. 


Example: 


ROIOIOROIOIOHOROROIOHOROROR IOHOROROR IOIOIOIOHOR OK OROROIOROROIOIOROROROI HOFOK HOR IORI KC 
* 
(a)< * NAME : LCOBSY (CHECK BUSY FLAG) 
«x 
b) OROROIOIOR FOR OROIOFOROROIOROROIOR OIOIOIOK IOIOR IOI IOI OIOFOR IOI OR OIOROIOROIOIOIORCIOHC IK IOC 
4F ™ LCOBSY CLR A Select port G as input 
07 STA PGOOR 
LDA #$04 Set RS=0.R/W=1,E=0 
STA PFOTR 
LCOBY1 LOA #$0S Set E=1 
STA PFOTR 
LOA PGOTR Read busy flag 
LSL A Set busy flag to bit C 
LDA #$04 Set E=0 
STA PFOTR 
BCS LCOBY1 Loop until busy flag=0 
LOA HSFF Select port G as output 
STA PGDOR 
RTS 





(a) Subroutine title followed by the entry point label in 
parenthesis. 
(b) Entry point label. 
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(6) Data Table: 


Describes data table used in the main program, program module 


and subroutines. 


Example: 


00126 , (OOOO OIC IO IOIOIOI IO IOOIOIGIOIOR OR IOI IO IOI IOI IORI HOI KOK 
00127 * 

00128 (a) * DATA TABLE 

00129 *« 


00130 JOO OOOO ICICI OOOO IOIOIIOIOI CII IOI IOI OK K 
00131 1084 OC (Cb) INS FCB $0C.$18,.$90,$07.$01,$08 *instruction 
00132 108A 43 AT FCC /CMOS MCU HD630SX/ *Display 
00133 109A FF FCB $FF 





(a) The title is always "DATA TABLE". 
(b) Data table label. 


(7) Vector Addresses: 


Describes vector address allocation. 


Example: 


ROIIOIO OOO IOI III OOOO CIOICIOIOIOII OI III IOI IOI IOI HOOK 
* * 
(a * VECTOR ADDRESSES * 

* * 
OROIOOOIOR OOOOOIO OOOO IOI OR IORI IOI IOC IOI IOI IOI AIOK 
* 

ORG SIFFS6 
* 

FOB LCOMN SCI/TIMER2 

FOB LCOMN TIMER/INT2 

FOB LCOMN INT 

FOB LCOMN SWI 

FOB LCOMN RES 


(b)—__eno 


(a) The title is always "VECTOR ADDRESSES". 
(b) Denotes end of entire program. This can be moved if 


necessary. 
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1.7 PROGRAM MODULE USAGE 


This section explains how to execute program modules described in 


APPLICATION NOTES. 


Fig. 1.7 shows relation between these program modules and user 
programs. All program modules are used as subroutines and should 


be called as shown in Fig. 1.7. 


Fig. 1.8 shows an example of a user program in which a program module 


is used as a subroutine. 


User Program 


(1) Initialize 


(2) Save registers 


Program Module 









Hold entry LCDDSP 
(3) arguments 
JSR LCDDSP 


DISPLAY ON LCD | 


(4) Call subroutine | 
Contain return 
(8) RTS 





Fig. 1.7 Relation Between User Program and Program Module 
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_ User Program 


LDA 
STA 
JSR 
JSR 


LDX 


#SFF 

| pena -.eee-e Initializes before executing program module. 
LCDINT 
#$41 -....- Holds entry arguments. 


| JSR LCDDSP --.-. Calls program module — 


Fig. 1.8 Example of How to Execute a Program Module 


Explanation of Fig. 1.7. 


(1) 


(2) 


(3) 


(4) 


Initialize program module 


Examples of items requiring initialization are input/output 
ports, control registers and counters used by the program module. 


Refer to Program Module Sample Application for data details. 


Save registers 


CPU registers used in the programs may return to user program 
while destroying the original contents. “Thus register contents 
should be saved if necessary. Refer to the "CHANGES OF CPU 
REGISTERS AND FLAGS" column in SPECIFICATIONS (Format 1 in 3rd 
Section - Program Module) for register status after a program 


module is executed. 


Hold entry arguments 


Define arguments in CPU registers or memory before calling a 
program module in the user program. Refer to "ARGUMENTS" in 
SPECIFICATIONS (Format 1 in 3rd Section - Program Module) for 


entry arguments to be held. 


Call subroutine 


Program module is called. 
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(5) 


(6) 


Contain return arguments 


After a program module is executed, the results returned in the 
return arguments must be processed as needed. Refer to 
"ARGUMENTS" in SPECIFICATIONS (Format 1 in 3rd Section - 


Program Module) for details. 


Restore registers 


Registers saved in (2) should be restored here. Note that when 

a program module is used as a subroutine, the stack area shown in 
SPECIFICATIONS (Format 1 in 3rd Section - Program Module) is 
necessary in addition to the stack area required the subroutine 
call in the user program. When any subroutine is called this 


stack area must be reserved. 
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1.8 SYMBOLS 


594 


Symbols and abbreviations used in APPLICATION NOTES are defined as 


follows. 


(1) Operation 


( ) = Contents 

( ) = Index address 
+ = Transfer direction 
+ = Addition 
- = Subtraction 
x = Multiplication 
/ = Division 
A = AND | 
V  =OR 
@® = Exclusive OR 
x = NOT 


(2) Register symbols in MCU/MPU 


ACCA = Accumulator A 
CCR = Condition code register 
IX = 8-bit index register 


(3) Bit 0 to bit 4 in the condition code register 


C = Carry or borrow bit 0 

Z = Zero bit 1 
N = Negative bit 2 

I = Interrupt mask bit 3 

H = Carry from bit 3 to bit 4 bit 4 

(4) Others 

= = Equal sign 

# = Not-equal sign 

> 

< 

: = Comparison signs 

S$ 

9 9 9 9 

= ASCII code inside 
$ = Hexadecimal number 


Labels of sequential addresses 
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SCI 
DDR 
TCR 
TDR 
SCR 
SSR 
SDR 


Serial Communication Interface 
Data Direction Register 

Timer Control Register 

Timer Data Register 

SCI Control Register 

SCI Status Register 

SCI Data Register 


Miscellaneous Register 
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APPLICATION EXAMPLES 
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wage 
computer 
















B56 GaisoOs HD6305X0 
HD61830 (LM | HD61830 

HD6305X0 1/0 port 37 
GRAPHIC MODE (HD6305Y0) HM6116 







LM200 
LIQUID CRYSTAL 
MODULE (H2570) HD6305X0 


HD6305X0 
I/O port 42570 
CONTROL (HD6305Y0) 
DUTY CONTROL OF | HD6305xX0 I/O port 
PULSE WIDTH HD6305X0 INT pin a4 
ENPUT PULSE HD6305X0 : 
HD6305X0 INT pin | HD6305x0__| 


HD6305X0 










3 
4 
5 


Ay 
On 

0°) 

ae 9) 

























































































































7 [rman | aososio | uetmet | Seecer | 
(HD6305Y0) MATRIX 
HD6305X0 
FLUORESCENT 8-digit 
DISPLAY HD6305X0 T/0 port | 8-segment 135 
CONTROL (HD6305Y0) fluorescent 
display tube 
HD6305X0 
E F 
aa MOTOR | 14D6305X0 ele Stepping 147 
(HD6305Y0) motor 
WITH A COM- 
HD6305X0 
pear HD6305X0 ee ASCII 172 
(HD6305Y0) 2 Keyboard 


KEYBOARD 
SCI CLOCK 
SYNCHRONOUS 
(EXTERNAL 

CLOCK) 


SCL CLOCK 
SYNCHRONOUS 
(INTERNAL 
CLOCK) 


LIQUID CRYSTAL 










HD6305X0 
(HD6305Y0) 






— - 
a - 


HD6305X0 




















HD6305X0 
(HD6305Y0) 


_ 
WW 























be me be 
| ost sf oo} sf ef] =| alo 


































DRIVER (HD61100A) I/O port HD61100A 
CONTROL (acesoeto) SCI 10-digit 8- 210 
segment LCD 
14 EXTERNAL External HD6305Y2 
EXPANSION DP 2ODNS Expansion HN27C64 
HM6117 
HD6321 222 
HD6350 
H2571 
15 LOW POWER Low power dis- 
DISSIPATION Sipation mode 
MODE AND HA1835P STANDBY HD6305X0 254 
CONTROL aan WAIT HA1835P 
STOP 
: | 1/0 port 
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Me HD61830 (LM200) GRAPHIC MODE 


1.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Permits graphic display on liquid crystal module LM200 
through dot matrix liquid crystal graphic display 
controller HD61830 (hereinafter, LCTC). LCTC is 
controlled by the HD6305xX0. 

(b) LM200 display resolution is 64 x 240 pixels. 

(c) Sends display data from the HD6305X0 to LCTC. Display 
RAM and LM200 are controlled automatically by LCTC. 


(2) Microcomputer Applications 


Displays graphics on LM200 by controlling LCTC data bus 
(DBo © DB7) and control signals (E, RS and R/W) through 
port A and port C. 


(3) Circuit Diagram 


MCU 

HD6305X0 

(HD6305Y0) LCTC Liquid crystal module 

HD61830 +5V 








Fig. 1 LCTC Control Circuit 
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(4) Pin Functions 


Pin functions at the interface between the HD6305X0 and LCTC 


are shown in Table l. 


Table 1 Pin Functions 


Pin Name Runeeaea Program 
(HD6305X0) i Label 


Selects instruction 


register 


input] Data lines 


Output 
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(5) Hardware Operation 


LCTC control signals (CS, RS, R/W, E) are controlled by the 
program using the HD6305X0 I/O port. LCTC signal control timing 
is shown in Fig.2. The HD6305 family utilizes I/O ports rather 
than a bus to control LCTC to eliminate any timing restrictions 


on LCTC. 


Pin name on LCTC 


= 


DBoDB7 | $— 
(HD6305X0+LCTC) a: eae 
DBgVDB7 
(HD6305X0«LCTC) 


*1 Data is written into LCTC at the falling edge of E. 
*2. Data from LCTC can be read during period T,. 





Fig. 2 HD6305X0 «> LCTC Interface 
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1.2 SOFTWARE DESCRIPTION 


61) Program Module Configuration 


The program module configuration for graphic display on the 


liquid crystal module is shown in Fig. 3. 


L2HMN 





Fig. 3 Program Module Configuration 
(2) Program Module Functions 
Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


Name | 
ae MAIN PROGRAM L2HMN | Demonstrates graphic display on LM200 o 


a7 ae L2HINT | Initializes LCTC for graphic display. 
MOVE CURSOR L2HMVE ‘Specifies LCTC cursor address. 
ee L2HWT | Writes instruction and display data to LCTC. 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of the display process 
performed by the program module in Fig. 3. 


The program in Fig. 4 creates the display on liquid crystal shown in 


Fig. 5. 
L2HMN Main Program 
L2HMN __J 
$00>PADTR 


ee Initializes port A and port C. 


$00+PCDTR 
SFF>PADDR 


ais Selects port A and port C as output. 


SFF>PCDDR 


LOHINT Calls program module L2HINT and 
es initializes LCTC for graphic display. 
Le ----- | Clears display data pointer. 
Clears COUNT1(RAM), a counter 
Q>COUNT1 | ------ { indicating how many rows of data are 
displayed on LM200. 
Clears COUNT2(RAM), a counter 
O>COUNT2 | ------ indicating how many columns of data 


are displayed on LM200. 


$00*DTADDR Stores $0084 in entry, arguments of 
Seer program module L2HMVE to set LCTC 
alec cursor address to $0084. 
ee L2HMN1 


L2HMVE | eee { Calls program module L2HMVE and stores 


$0084 in cursor address. 





Stores instruction for writing display 
$OC*INSTR | ------ { data in entry argument of program 
module L2HWT. 
(DSDAT+I1X) Stores display data in entry argument 
>DATAR {| of program module, L2HWT. 
LOUWT | Seas Calls program module L2HWT to write 
| display data in LCTC through I/O ports. 
(COUNT1)+1 Increments counter which indicates 
>COUNT1L | how many rows are written. 
(1X)+171X | ------ { Increments display data pointer. 
COUNT1)=5> ------ 1 Tests if, 5 rows display data is written. 
(COUNT1)=5 


& Fig. 4 Program Module Flowchart 
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(DTADDR+1)+ 
30>DTADDR+1 


DTADDR)+ 
(Bit C) 
>DTADDR 








Fig. 4 (cont.) 


(COUNT2)=51 


Clears counter which indicates how 
many rows are written. 


Adds "30" to cursor address and 
specifies cursor address for the next 
example. 


Increments counter which indicates how 
many columns are written. 


Tests if 51 columns of display data is 
written. 


Program Module Flowchart 





Fig. 5 Example of L2HMN Execution 
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133 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME INITIALIZE LCTC MCU/MPU | |}HD6305xX0/YO| | LABEL | |L2HINT 
FUNCTION 


(1) Initializes LCTC for graphic display. 





(2) Clears display RAM using for LM200. 


ARGUMENTS 









CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 
e 


: Not affected 


t : Result 
RAM (Bytes) 


35 
4 
es 





Storage 
Location 












| Stack (Bytes) 


of cycles 


1 
509350 


Relocation 


Interrupt 


DESCRIPTION 


(1) Function Details 
(a) Program module L2HINT has no arguments. 


(b) Program module L2HINT execution places LCTC in graphic display mode and 
clears display on LM200. 


(c) Program module L2HINT calls other program modules and subroutines shown 


in Table 3. 
(1) "SPECIFICATIONS" includes values in other program 


SPECIFICATIONS NOTES 
| modules or subroutines called in program module L2HINT. 


(2) "No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed 
when subroutine L2HBSY is executed by the minimum cycles. 
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PROGRAM MODULE NAME INITIALIZE LCTC Mcu/MpU | | HD6305X0/Y0| | LABEL | IL2HIN 


DESCRIPTION 





(2) 


(3) 


(4) 


Program Module 
WRITE DATA 
TO LCTC LZHWT Writes data to LCTC through I/O port of the HD6305X0. 
CLEAR L2HCLR | Clears display RAM to clear display. 
DISPLAY 


MOVE L2HMVE Loads cursor address into LCTC cursor address counter. 
CURSOR 

CHECK BUSY |L2HBSY | Checks LCTC busy flag. 

FLAG 


Table 3 Program Modules and Subroutines Called in L2HINT 














User Notes 


Selects DDRs of port A and port C as output. 


RAM Description 
Label RAM Description 
b7 bO | 7 

INSTR \ Stores value to be loaded into LCTC instruction 
register. 

DATAR } Stores value to be loaded into LCTC data 
register. 

Sample Application 


Program module L2HINT is called after selecting I/O ports. 
' 


' 
LDA #SFF 
STA PADDR ---Selects port A and port C as output ports. 
STA PCDDR 


| JSR  L2HINT ~--Calls program module L2HINT. 


(5) Basic Operation 
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(a) The instruction and data elements shown in Table 4 must be loaded into 
the instruction and data registers in corresponding pains to initialize 
LCTC. Program module L2HINT loads data shown in Table 4. 


(b) RS signal is used to switch between the two registers; 
High: Instruction register, Low: Data register 


(c) These instructions and data are initially stored in INSTR(RAM) and 
DATAR(RAM) respectively using index addressing mode. If program module 
L2HWT is called, data is loaded into the instruction and data registers in 

_LCTC. | 


(d) Program module L2HWT controls signals R/W, E and RS through port C. 
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PROGRAM | PROGRAM MODULE NAME NAME | WWTTALIZE Loto LCTC ;cu/a | | ucu/meu | }xD6305x0/x0 LABEL pout 


[ _pescrzerion _| 


(e) Subroutine L2ZHCLR is executed to clear display RAM for the liquid crystal 
module. Subroutine L2HCLR calls two program modules L2HMVE and L2HWT. 


Table 4 Data to be stored in LCTC 


tice tinfeee Selects Display ON, Master mode and Graphic mode. 


$07 Selects 8-bit of horizontal dots per charactor in 
display. 


$1D Selects 30-byte of horizontal bytes in the graphic 
mode. 


S1F Selects 1/32 duty in multiplex display. 


2 —{ Selects display starting address to $0000. 
0 


$0 


(Note) Cursor-is not displayed in graphic mode. 


Selects cursor address to $0000. 





$00 Selects cursor position (note). 
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| PROGRAM MODULE NAME MODULE NAME | avrrmaztze were LCTC cue | }1D6305x0/¥0 n63o5x0/vo]| Lave] bose 2HIN 


[  mowcuarr | 


L2HINT 


L2HINT 







wuts Clears pointer indicating instruction 
and data. 

ie Stores instructions in entry argument 
of subroutine L2HWT. 


AIT) 
(LCTBL+IX ) 
>INSTR 





; Increments the pointer indicating instruction 
and data. 


Stores data in entry argument of 
subroutine L2HWT. 


oe Calls subroutine L2HWT and initializes 
LCTC. | 


Increments the pointer indicating instruction 
and data. 


Tests if LCTC initialization is 
completed. 


Calls subroutine L2HCLR to clear display 
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PROGRAM MODULE NAME MOVE CURSOR MCU/MPU | |HD6305X0/YO] | LABEL 
FUNCTION 


Loads cursor address value stored in DTADDR(RAM) into LCTC cursor address 


counter, 
CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 
@ 


ARGUMENTS 
: Not affected ROM (Bytes) 


Contents 
xX : Undefined 


t : Result 
RAM (Bytes) 


Reentrant 


Interrupt 
























Storage 
Location 


Cursor DTADDR 
Entry| Address (RAM) 
Value 
Argu- 
ments 
Re- 
turns 


DESCRIPTION 








































- (1) Function Details 


(a) Argument details 
DTADDR(RAM) : Holds cursor address value to be loaded into cursor address 
counter as 2—byte hexadecimal number. 


Program module L2HMVE loads cursor address value into cursor address 
counter to change cursor address on display. 





Program module L2HMVE calls other program modules and subroutines shown 


in Table 5. 
(1) "SPECIFICATIONS" includes values in other program modules 


SPECIFICATIONS NOTES 
or subroutines called in program module L2HINT. 


(2) "No. of cycles" in "SPECIFICATIONS" represents the number of cycles needed when 
subroutine L2HBSY is executed by the minimum cycles. 
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PROGRAM MODULE NAME MOVE CURSOR MCU/MPU | | HD6305X0/YO 


DESCRIPTION 


Table 5 Program Modules and Subroutines called in L2HMVE 
Program Mooule/ Label Function 
Subroutine Name | 


WRITE DATA L2HWT Writes data to LCTC through I/O port of the 
TO LCTC HD6305X0. 
ie BUSH L2HBSY Checks LCTC busy flag. 


(2) User Notes 
Program module L2HMVE is called after selecting port A and port C. 









(3) RAM Description 


Label RAM Description 
b7 bO , F : 
INSTR Stores value to be transferred into LCTC instruction 
|| Ff register. 
DATAR ae } Stores value to be transferred into LCTC data | 
register. 
DTADDR Upper Stores cursor address value to be moved to LCTC 
cursor address counter as 2-byte hexadecimal 
Lower 
number. 


(4) Sample Application 


Program module L2HMVE is called after selecting cursor address value and 


1/O ports. 
WORK1 RMB 2 ~---Reserves memory byte for 2-byte hexadecimal 
address value. 
‘ 
LDA #SFF 
STA PADDR --- Selects ports A and C as output 
STA PCDDR | 
LDA WORK1 
STA  DTADDR --- Loads 2-byte hexadecimal cursor address value 
LDA WORK1+] set in user program into entry argument. 


STA DTADDR+1 


| JSR  L2HMVE --~ Calls program module L2HMVE. 


| 
| 
(5) Basic Operation 


(a) To effect display at any location on LM200, the cursor address must be 
set before writing display data. 


(b) The cursor address consists of two bytes. Program module L2HWT is used 
to set, first, the lower byte and then, the upper byte. 
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| PROGRAM MODULE. NAME MODULE NAME | wove cuRsoR CURSOR | vcu/au | /u06305x0/¥0 /u06305x0/¥0 LABEL ase | 2m 


[ rowcuart 


| Stores instruction data, to write 


cursor address (lower byte). 
DTADDR+1)>| 
DATAR 


Stores cursor address (lower byte). 


Calls program module L2HWT to load cursor 
address (lower byte) into LCTC. 


Stores instruction data, to write 
SOB + INSTR | cursor address (upper byte). 


Stores cursor address (upper byte). 


(DTADDR)> | __ 
DATAR 


Calls program module L2HWT to load cursor 
address (upper byte) into LCTC. 





© HITACHI 
611 





PROGRAM MODULE NAME WRITE DATA TO LCTC MCU/MPU | |HD6305X0/YO] | LABEL | [L2HWT 


FUNCTION 


Writes instruction and data to LCTC, controlling LCTC control signals 
(RS, R/W and E) through I/O ports on the HD6305X0. 
ARGUMENTS 


CHANGES IN CPU 
SP FICATIONS 
REGISTERS AND FLAGS ee 
Contents Byte 
Lgth. 


Not affected ) 
eter nes ROM (Bytes) 
Instruc- 
INSTR 
tion to _ (RAM) 1 
LCTC : 
Entry : 
Data to DATAR l 
LCTC (RAM) 
Argu- 
ments = 


| -|- 


RAM (Bytes) 
[ __pescriprion _| | 

















Storage 
Location 





Interrupt 




















b7 INSTR bO 


INSTR(RAM0 | C_] 





(1) Function Details ® Een y ($0C) a 
(a) Argument details (SBB) 


INSTR(RAM) : Holds value to be 
loaded into LCTC 





instruction 
register. @ Result 
DATAR(RAM): Holds value to be 
loaded into LCTC Note: Display position depends 
data register. on the cursor address. 


Fig 6. Example of L2HWT Execution 








(1) "SPECIFICATIONS" includes values in subroutine L2HBSY. 


SPECIFICATIONS NOTES 


(2) "No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
when subroutine L2HBSY is executed by the minimum cycles. 
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| PROGRAM MODULE NAME | MODULE NAME WRITE DATA TO | wRITE DATA TO LoTC wou | 1106305x0/¥0 LABEL, Lear 


[ __escrrprion _| 


(b) Fig. 6 shows an example of program module L2HWT execution. If program 
module L2HWT is executed, display data is written into LCTC. 


(c) Program module L2HWT ‘calls other subroutine shown in Table 6. 


Table 6 Subroutine Called in L2HWT 


a 
CHECK BUSY FLAG L2HBSY Checks LCTC busy | Checks LCTC busy flag. | 


(2) User Notes 





Selects DDRs of port A and port C as output. 


(3) RAM Description 


Label RAM Description 
b/ bO 
INSTR } Stores value to be loaded into LCTC instruction 
register. 
DATAR Stores value to be loaded into LCTC data register. 


(4) Sample Application 


Program module L2HWT is called after selecting I/O ports and instructions 
storing data to be written. 


WORK 1 RMB 1--- Reserves memory byte for value to be loaded into 
instruction register. 
WORK 2 RMB l--- Reserves memory byte for value to be loaded into 
data register. 
LDA # SEF 
STA PADDR | Selects port A and port C as output. 
STA PCDDR 
LDA WORK1 --- Loads value to be loaded into instruction 
STA INSTR register into entry argument. 
LDA WORK2 le Loads value to be loaded into data register 
STA DATAR into entry argument. 





JSR L2HWT | --- Calls program module L2HWT. 
t 
(5) Basic Ope ration 


(a) To write data to LCTC, the microcomputer must load corresponding pairs of 
data and instruction elements into LCTC data and instruction registers 
respectively. RS signal is used to switch between the instruction (High) 
and data (Low) registers. A flowchart of data writing example is shown 
in Fig. 7. 
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PROGRAM MODULE NAME WRITE DATA TO LCTC MCU/MPU | |HD6305X0/YO| | LABEL | |L2HWT 


DESCRIPTION 


Check LCTC 
Busy Flag 
Set RS to High 


Load data into 
instruction 
register 


Set RS to Low ---| sets signal RS to Low to specify LCTC data register. 
Load data into |__| Deactivates signal E and loads data into LCTC data 
data register register. 

| 

! 


Fig. / Example of writing data into LCTC 












Checks whether or not LCTC is operating. 


---| Sets signal RS to High to specify LCTC instruction 
register. 





__.| Deactivates signal E and loads data into LCTC instruction 
register. | 


(b) When LCTC is operating, data can not be written from the microcomputer. 
A busy flag indicates whether or not LCTC is in operation. Program 
module L2HWT checks LCTC status by calling subroutine L2HBSY. 


Busy flag = 1 : Data can not be written. 
Busy flag = 0 : Data can be written. 
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PROGRAM MODULE NAME WRITE DATA TO LCTC MCU/MPU | |HD6305X0/YO|} LABEL | |L2HWT 
FLOWCHART 


| L2HBSY | eee sles subroutine L2HBSY to check busy 
flag. 
1+1,PCDIR j] <----- | sets signal RS to High. 
Q*2,PCDTR | ------- | Sets signal R/W to Low. 
SFF>PADDR ------| Selects port A as output. 


1+0,PCDTR | ------ | sets signal E to High. 
(INSTR)> | ___ eee data to be loaded into 
PADTR instruction register. 
0 >0,PCDTR] ------ | sets signal E to Low. 
0 + 1,PCDTR| ----- -| sets signal RS to Low. 
1>0,PCDTR | ------ | sets signal E to High. 
(DATAR)> |. __ Stores data to be loaded into data 
PADTR register. 
0 > 0,PCDTR] ------ | Sets Signal E to Low. 


RTS 
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1.4 SUBROUTINE DESCRIPTION 


SUBROUTINE NAME CLEAR DISPLAY MCU /MPU !HD6305X0/YO LABEL 2HCLR 


FUNCTION 


Clears display RAM and display on LM200. 


BASIC OPERATION 


(1) Calls program module L2HMVE to load cursor address into LCTC. 








(2) Calls program module L2HWT to write $00 into cursor address specified 
in (1). 


- BLOWCHART PROGRAM MODULE USING 
[ _FLowcuarr | Page Ue aa 
L2HCLR 











aati | ctears cursor address. 


------ | Loads cursor address into LCTC register. 


ae instruction for writing display 
"| data. 


Rao tened! | Stores display data $00. 


------ | Loads display data into LCTC. 












(DTADDR: DTADDR+1) 


HDDTADDR:DTADDRAAL, | TT | Increments cursor address. 






(DTADDR : DTADDR+1 ) 
#$780 







(DTADDR: DIADDR+1 ) 


to $780 in display RAM. 


(DTADDR : DTADDR+1) 
7 =$780 


fee if $00 can be written from $00 
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FUNCTION 


SUBROUTINE NAME CHECK BUSY FLAG MCU/MPU ||HD6305X0/YO! | LABEL | IL2ZHBSY 


(1) Checks busy flag to determine whether or not LCTC is in operation. 







(2) Loops when LCTC is in operation. 


BASIC OPERATION 


(1) Microcomputer must check LCTC state, because data from the microcomputer 
can not be accepted when LCTC is in operation. 


(2) If signal RS is set to High, signal R/W to High and signal E to 
High through port C, the most significant bit (DB7) in LCTC data 
bus (DBovDB7) serves as the busy flag. 

DB7 = 1 : Indicates LCTC is in operation. 
DB7 = 0 : Indicates data can be written to LCTC. 


FLOWCHART PROGRAM MODULE USING care 
THIS SUBROUTINE T 


L2HBSY 


O>PADDR | -7---- 1 Selects port A as input. 
IL. PCOS. oe => | sets signal RS to High. 


1>2,PCDTR | ----- -| sets signal R/W to High. 


1>0,PCDTR | ------ | sets signal E to High. 


(PADTR)*ACCA -----~ | Reads LCTC busy flag. 


0-0 ,PCDTR | ----- | Sets signal E to Low. 


(7, PADTR)=1 
(7,PADTR)=Q> ----- 


Loops subroutine L2HBSY until busy 
flag is "0". 


(7,PADTR)=0 


© HITACHI 
617 





1.5 PROGRAM 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
O0009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
000S0 
00051 
00052 
00083 
00054 
00055 
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0080 


0080 
0081 
0082 
0084 
0085 


1000 


1000 
1001 
1003 
1005 
1007 
1009 
1008 
100E 
100F 
1011 
1013 
1015 
1017 
1019 
101B 
LO1E 
1020 
1022 
1025 
1027 
102A 
102C 
1020 
102F 
1031 
1033 
1034 
1036 
1038 
103A 


LISTING 


0001 
0001 
0002 
0001 
0001 


0000 
0002 
0004 
0006 


GF 

B? 00 
B? 02 
A6é FF 
B? 04 
B? 06 


CD 104C 


SF 

BF 84 
BF 8S 
A6é 00 
B? 82 
A6é 84 
Br B3 


CD 1082 


A6é OC 
B7? 80 


D6 1OES6 


B? Bl 


CD 1064 


3C 84 
SC 


B6é 84- 


Al OS 
26 ‘EF 
4F 

Br 84 
Bé 83 
AB 1E 
Br 83 


*K 
2K KOK OK 
*K 


*K 
INSTR 
DATAR 


DTADDR 
COUNT 1 
COUNT2 


« 
OHOKOK 
*K 
PADTR 
PCDOTR 
PADDR 
PCDDR 


RAM ALLOCATION 


ORG $80 
RMB 1 
RMB 1 
RMB 2 
RMB 1 
RMB 1 
SYMBOL 

EQU $00 
EQU $02 
EQU $04 
EQU $06 


DK DK DC IK CK IC IC HC IK IK DIC 2K 2 2G CK IC KK IC KC IK 0K OK 


LCTC instruction register data 
LCTC data register data 

Cursor address 

Column counter 

Row counter 


DEFINITIONS 22k oo KOK KOK KOK OK 


Port A data 
Port C data 
Port A data 
Port C data 


register 
register 
direction register 
direction register 


DE DK HC HC CC IC OIC CCCI OIC IC EC HC HEHE HC DEC IC DIK DIC EC IC IK IK DK IK DIK DIK DIK IC IK IK IK IK KK IK IK IK IK IC KK 


BG 
mK 
kK 


MAIN PROGRAM 


* 


LZHMN * 
>K 


DIK DIK DEK DIC DC DIC IC IK DK IK IK EC IC IC IC CDEC IC DIK DI DC DEC DEC EC IK KEE IC AC IK DIK KK IC DK 2K DIC IC IK IK IK IC IC IK IK IK KOK 


K 


*K 
L2ZHMN 


L2HMN1 


L2HMN2 


ORG $1000 
CLR A 
STA PADTR 
STA PCOTR 
LDA HSFF 
STA PADDR 
STA PCDOR 
JSR L2HINT 
CLR x 
STX COUNT 1 
STX COUNT2 
LDA HSOO 
STA DTADDR 
LDA H$84 
STA DTADDR+1 
JSR L2ZHMVE 
LDA HSOC 
STA INSTR 
LDA DSDAT, X 
STA DATAR 
JSR L2ZHWT 
INC COUNT 1 
INC x 
LDA COUNT 1 
CMP HS 
BNE L2ZHMN2 
CLR A 
STA COUNT 1 
LDA DTADDR+1 
ADD #30 
STA DTADOR+ 1 
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InitialLige port A 
Initialige port C 


Select port A as output 
Select port C as output 
Initialize LCTC 

Clear pointer of display data 
Clear column counter 

Clear row counter 

Store cursor address Cupper) 
cursor address Clower) 
cursor address to LCTC 
instruction 


Store 
Write 
Store 
Store data 

Write display data to LCTC 
Increment column counter 
Increment pointer 

Test if column counter=5? 


Clear column counter 


Add cursor address 





Q00S6 
000S7 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
Q007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
O0091 
00092 
00093 
00094 
0009S 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 


103C 
1O3E 
1040 
1042 
1044 
1046 
1048 
104A 


104C 
104D 
1050 
1082 
1053 
1056 
1058 
105B 
105C 
10SE 
1060 
1063 


1064 
1067 
1069 
1068 
106D 
1O6F 
1071 
1073 
1075 
1077 
1079 
107B 
1070 
LO?F 


Bé 
A9 
B? 
3C 
Bé 
Al 
26 
20 


CD 
12 
15 
A6 
B? 
10 
Bé 
Br 
11 
13 
10 
Bé 
Br 
AD 


82 


82 
85 
85 
oS 
Dl 
FE 


1004 
80 


1004 
1064 


12 
ED 
1099 


10C2 
02 
02 
FF 
04 
02 
80 
00 
02 
02 
02 
81 
00 
02 


LDA DTADDR 

ADC HO 

STA DTADOR 

INC COUNT 2 Increment row counter 

LDA COUNT2 Test if row counter=S1? 

CMP #51 

BNE L2HMN1 Loop until display end 
PEND BRA PEND End of main program 
2 ODP 2 2 2 22 Pf 2 2 2 2 2 2 22 2 Pf 2 2 2 2 2 © 2 © Sf 2 2 2 oo 2 fo of 29 2. 24 
1K > 
* NAME L2ZHINT CINITIALIZE LCTC) > 
*« *K 
OOO IOI OROR OOO OO IOIOIOIOIOK OO OK IO IOIOR OOO FORO OK IO OOK OR OR IOK 
* * 
»K ENTRY NOTHING > 
>K RETURNS NOTHING > 
a >» 


DC DIC DIC IK IK DIK 2K EC DIK DIK IK IC IC EC IK IK DEC EC EC IC IK IC ICICI IC ICI ICICI IC IC IK COI IC ICICI IK IC IC ICO IK IK 


L2ZHINT CLR X Clear data table pointer 
L2HIT1 LDA LCTBL.X Store LCTC instruction 

STA INSTR 

INC x Increment data table pointe 

LDA LCTBL.X Store LCTC data 

STA DATAR 

JSR L2HWT Write to LCTC 

INC x Increment data table pointe 

CPX #18 IX = 18 ? 

BNE L2HIT1 Test if LCTC is initialized 

JSR L2HCLR Clear display RAM 

RTS 
DE DIC IK DK DC HK DK EC IC IK IK 2K I IK IK DK CIC CK CIC IC IC IC IK HOH ICI IHC ICO IK HOHOK OK ICOKCOK 
*K * 
> NAME L2HWT CWRITE DATA TO LCTC) * 
*K * 
DK DK IK OK DK IK IK IC IK IC KK KK CCC CK KCC KKK KK IKK DKK ICC IC IK CK KK KK CK OK IKK KK 
>»K * 
»k ENTRY INSTR CInstruction to LCTC) >» 
>» DATAR (Data ta LCTC) > 
* RETURNS NOTING * 
*K *K 
DAC DIC DEK KK DIK DICK IK IK EK CIC IK KEK DKK EC DIC KC IK IK KK IKK KIC 9K KICK IC IKK IKK IK KIC IKK IKK 
L2ZHWT JSR L2HBSY Check if LCTC is busy 

BSET 1,PCOTR Set RS=1 

BCLR Z2.PCOTR Set RW=O0 

LDA HSFF Select port A as output 

STA PADDR 

BSET O.PCOTR Set E=1 

LDA INSTR Store instruction 

STA PADTR 

BCLR O.PCOTR Set E=0O 

BCLR 1,PCOTR Set RS=0O 

BSET O.PCOTR Set E=l1 

LDA DATAR Store data 

STA PADTR 

BCLR O,PCOTR Set E=0 
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00111 1081 81 


00112 
00113 
00114 
00115 
00116 


00117 


00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
(00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
(00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 
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1082 
1084 
1086 
1088 
108A 
108D 
LO8F 
1091 
1093 
1095 
1098 


1099 
1098 
109D 
10A0 
10A2 
10A4 
10A6 
10A9 
10AB 
LOAD 
LOAF 
10B1 
10B3 
10B5 
1087 
10B9 
1088 
108D 
108F 
10C1 


10C2 
10C3 
10C5 


A6 
B? 
Bé 
Br 
CD 
A6 
B? 
Bé 
Br 
CD 
81 


3F 
3F 
CD 
A6 
B? 
3F 
CD 
Bé 
AB 
B? 
Bé 
AS 
B7 
Bé 
Al 
26 
Bé 
Al 
26 
81 


4F 
Br 
12 


OA 
80 
83 
81 
1064 
OB 
80 
B82 
81 
1064 


82 
83 
1082 
OC 
80 
81 
1064 


O01 
83 
82 
00 
82 
B2 
O07 
E2 
82 
80 
DC 


04 
02 


RTS 


2S 22 222 222 222 2 2 2 22 2 2 22 2 2.22 2.2 2 29 2.9 2.2 2 2 2.9 2 2 2 22 982 


»K 


K NAME 
or 


L2HMVE CSET CURSOR ADDRESS) 


K 
*K 
>K 


DK KC HC RCE CK CECH I CIC IC CK CDK DKK HOHE IC DIC DC IK DIC HC IC IC 2K KC DCC IK ICC KICK OK 216 KK 


kK 


> 


>» ENTRY DTADDR CCURSOR ADDRESS VALUE) * 
a RETURNS NOTING > 
* K 
ORO OOO OK OOO OOO OOK OO OOK KO OOK OOF OK OK OK I OOIOK OK KK KKK 
L2ZHMVE LDA HSOA Store instruction 

STA INSTR 

LDA DTADDR+1 Store Lower cursor address 

STA DATAR 

JSR L2HWT Write to LCTC 

LDA HSO0B Store instruction 

STA INSTR 

LDA DTADDR Store upper cursor address 

STA DATAR 

JSR L2HWT Write to LCTC 

RTS 


OI IO IOI OK IO HOI OK OK IOROIOK IO IOI OIOIOK KICK OIOKOK OK HOR HOOK OK HOOK KOK 


*K 


L2HCLR (CLEAR DISPLAY) 


*K 
o*K 
*K 


OROOIOOIOOK OR OK HOOK OIOR OR IORI OR IOIOK FOR OK OK HOR IO HOR HOR HOR I OFOKOICA 
Clear cursor address 


> NAME 

* 

L2HCLR CLR DTADOR 
CLR DTADDR+1 

L2ZHCR1 JSR L2ZHMVE 
LDA HSOC 
STA INSTR 
CLR DATAR 
JSR L2HWT 
LDA DTADDR+1 
ADD 1 
STA DTADDR+1 
LDA DTADDR 
ADC HO 
STA DTADOR 
LDA DTADOR 
CMP HS? 
BNE L2ZHCRI1 
LDA OTADDR 
CMP HS80 
BNE L2HCR1 
RTS 


Write cursor address to LCTC 
instruction 


Store 


Clear 


Test 


display data 
Write to LCTC 
Increment cursor address 


if all display RAM is 


cleared 


DC DIK IC IK DIC DEC DIC KK CK HOCK IK IOC CHK CICK DI OIC I I 2K IK IK IKK IK IK OHO IC HOOK IC 0K 


*K 


* NAME 
* 


L2ZHBSY CCHECK BUSY FLAG) 


> 
*K 
> 


ORI OKOK OOK OOO IOI OOIOIOIOOIOR OOO FORO KOK OIOROK OK HOR OK BORO HOR HOOK OK OK 


L2ZHBSY CLR A 


STA PADDR 
BSET 
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Select port A as 


1,.PCOTR Set RS=1 


input 


00166 10C7? 14 02 BSET 2,PCOTR Set RW=1 
0016? 10C9 10 02 L2ZHBY1 BSET O,PCDTR Set E=1 





00168 10CB Bé O00 LDA PADTR Read busy flag 
00169 10CD 11 02 BCLR O,PCOTR Set E=0 
00170 10CF AS 80 BIT #$80 Test if busy flag = 0 ? 
00171 1001 26 F6 BNE L2HBY 1 Loop until busy flag=0 
00172 1003 81 RTS 
00173 ORO OK OORORO OOK OROIOIOR OK OK OK OROIOK OOK ORO HOROK OOK HOR OI IOI OK HOR OK OOK 
00174 *« * 
00175 »K DATA TABLE K 
00176 * * 
OO177 FORO OR OIOIOK HOR OR OR OR OIOR HOR ORO HOR OR OI OHOR OK HOR OI KOK OK HOO HOOK OK ICO 
00178 1004 O00 LCTBL FCB $00,$32 -*Data for initialize LCTC 
00179 1006 O01 FCB $01 .,$07 
00180 1008 02 FCB $02.10 
00181 10DA 03 FCB $03,.$1F 
00182 100C 04 FCB $04, $00 
00183 10DE 08 FCB $08.00 
00184 10E0O O09 FCB $09, $00 
00185 10E2 OA FCB $0A. $00 
00186 10E4 OB FCB $08. $00 
00187 10E6 OO DSDAT FCB $00,$00.$80.S0F,$00 *Data for display 
00188 10EB CO FCB $CO,$00.$C0.$1F.,$00 
00189 10FO EO FCB $E0,$01,$C0.$1F,$00 
00190 10FS F8 FCB $F8,$03,$E7,$3F., $00 
00191 10FA F8 FCB $F8,$C7.$F8.53F,$00 
00192 10OFF FC FCB $FC.$37,.$C0,57F.$00 
00193 1104 FE FCB $FE,$0F,.$80,$7F,$00 
00194 1109 FE FES $FE,$07.$80,$3F,800 
0019S lL1OE FE FCB $FE,$03,$C3,53F,$00 
00196 1113 FF FCB $FF,$83,$E7,53F.$00 
00197 1118 FF FCB $FF,$C1,.$2C,$1C, $00 
00198 1110 FE FCB $FE,$E0,.$68,.$20. $00 
00199 1122 7E FEB $7E,$70,$CE.,.$4C,. $00 
00200 1127 3E FCB $3E,$F0,.$CC,$8E., $00 
QOO201 112C 3C FCB $3C,.$F0O. $8F.$87, $00 
00202 11341 10 FCB $10,$F0,.$0F.$0F.$01 
00203 1136 10 FCB $10, $E0.$87.$13,.$01 
00204 1138 10 FCB $10,$E0.$83,%$18,$02 
00205 1140 08 FCB $08,$80.$01,.$0F.$02 
00206 1145 08 FCB $08,$00. $00.06, $02 
00207 114A 08 FCB $08,$00.$00, $00. $02 
00208 114F O08 FCB $08,$00.$00,$00.,$01 
00209 1154 10 FCB $10,$00, $00. $00, $01 
00210 1159 10 FCB $10,$00.$40. $08, $01 
00211 115€ 20 FCB $20,$80.$A0. $84, $00 
00212 1163 20 FCB $20,$00,$13,$C3,$01 
00213 1168 40 FCB $40,$00,$0C.,$C0, $01 
00214 1160 80 PCB $80,$01,.$00.,$F8.$03 
00215 1172 OO FCB $00,$06.$C0.$F7,.$07 
00216 1177 OO FCB $00,$02,$3C,.$E0,$07 
00217 117C OO FCB $00,$01,540. $F8, $01 
00218 1181 QO FCB $00, $03,$80.SFF,$03 
00219 1186 80 FCB $80,807,500, $FF,$03 
00220 118B 80 FCB $80,$0F,$00,$9F,$03 
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00221 1190 CO FCB = $C0. $OF. $00. $0E. $00 


00222 1195S CO FCB $CO.$0F, $00. $02, $00 
00223 119A CO FCB $CO.$1F,$00, $02, $00 
00224 119F EO FCB $E0,$1F,$00. $03. $00 
00225 11A4 EO FCB $E0,$0F,$C6.$07, $00 
00226 11A9 EO FCB $EO0.$0F.,$DF,.$1E,$00 
00227 11AE EO FCB $EO, SAF. SFA, $1A, $00 
00228 1183 EO | FCB $EQ, SEF. SFA, $1A, $00 
00229 1188 DO FCB $00,.$77,$FB,.$1A, $00 
00230 11BD A8& FCB $A8B,.$7B, $FB,$3F.,$00 
00231 11C2 64 FCB $64,$FD, $FF,$3F, $00 
00232 11C7? C2 FCB $C2,$FE,.$FF,$3F.$00 
00233 11CC C2 FCB. $C2,$FF.$FF.$1F.$00 
00234 11D1 84 FCB $84,$FF,.$FF,.$1F.,$00 
00235 1106 98 FCB $98, $FF.$FF.$0F,.$00 
00236 110B 60 FCB $60, $FF,$FF,$0F, $00 
00237 11E€0 OO FCB $00, $FE,$0F,$07, $00 
00238 FOO IO ORO OR OOOO OOK OK IOI OK KOK OK AOR IORI OK KOK OK IOI OK KHOR HOH 
00240 *« VECTOR ADDRESSES *K 
00241 *« | * 
00242 POOR OR OOOO OOO OOOO HOR IOI OOOO OR IO FOR IOK IOI OK KOK IOK HOOK 
00243 « 
O0244 1FF6 ORG S$1LFFG 
00245 * 
00246 1FF6 1000 | FDB L2HMN SCI/TIMERZ2 
00247 1FF8 1000 FDB L2HMN TIMER/INT2 
00248 1FFA 1000 | FDB L2HMN INT 
00249 1FFC 1000 FOB L2HMN SWI 
00250 1FFE 1000 FDB L2HMN RES 
00251 > 
00252 ENO 
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2. LIQUID CRYSTAL MODULE (H2570) CONTROL 


2.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Controls dot matrix liquid crystal controller driver 
HD44780 (hereinafter, LCD-II) using the HD6305X0 and 
displays in character mode on liquid crystal module H25/0. 

(b) H2570 displays 5x7 dot characters in l-column < 16-row. 

(c) Transfers ASCII from the HD6305X0 as display data to LCD-II. 
LCD-II automatically controls liquid crystal driver 


HD44100 and LCD by controlling LCD-II with the HD6305X0. 
(2) Microcomputer Applications 


Displays characters on H2570 by controlling LCD-II data bus 
(DBy © DB7) and control signals (E, RS and R/W) 
through port G and port F. 


(3) Circuit Diagram 


MCU Liquid crystal module 


HD6305X0 
(HD6305Y0) 






dG A Sa GE aE SD Ge cu ES ae GE GS eee ee a ee oe 


+5V 





HD44100 


es cee ct cee eee ces es eee eee ee ee ee ee wore ee ee ce eee ce ee ee ee oe oe 





Fig. 1 H2570 Control Circuit 
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(4) Pin Functions 


Pin functions at the interface between the HD6305X0N and LCD-II 


are shown in Table 1. 


Table 1 Pin Functions 


Pin Name Program 
(HD6305X0) Label 
) 


Data lines 
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(5) Hardware Operation 


LCD-II control signals (RS, R/W, E) are controlled by the 
program. Each LCD-II control signal timing chart is shown 
in Fig. 2. 

The HD6305 family utilizes I/O port rather than buses to 
control LCD-II to eliminate any timing restrictions on 


LCD-I1I. 


Pin name (LCD-IL) 


RS, R/W 


DBgDB7 Ne Ob 
(HD6305X0-LCD-IT) 4 
| - 


e274 


(HD6305X0+LCD-IT) | 7 


*l1 Data is written to LCTC at the falling edge of E. 


*2 Data from LCD-II can be read during period T,. 


Fig. 2 HD6305X0 <> LCD-II Interface 
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2.2 SOFTWARE DESCRIPTION | 


(1) Program Module Configuration 


The program module configuration for character display on 


the liquid crystal module is shown in Fig. 3. 


LCDMN 






LCDRES 






LCDINT 


INITIALIZE 
LCD-II 







DISPLAY 
ON LCD-II 





Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


| 0 | MAIN PROGRAM LCDMN | Demonstrates character display on H2570. 


1 RESET LCD-II LCDRES | Resets LCD-II using instruction. 
INITIALIZE LCD-II LCDINT Initializes LCD-II to display characters 


on LCD. 


DISPLAY ON LCD LCDDSP Transfers ASCII code to LCD-II and 


displays on H2570. 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of character display on 


H2570 performed by program module in Fig. 3. 


The program in Fig. 4 demonstrates the display on liquid 


crystal shown in Fig. 5. 


LCDMN Main Program 


LCDMN 
0 > POINTR} ----- { Clears pointer indicating display data. 


SFF>PGDDR ---- Selects port G as output. 
Calls program module LCDRES and resets 
| eee | aan: fee | 
| LCDINT | ae as program module LCDINT and 
initializes LCD-II. 
POINTR)>+1X 
Loads display data into IX using index 


(DDATA+1X)) addressing modes. 
IX 
ony if data in data table is terminator 
(SFF) . 


(1X)=SFF 







ee ere program module LCDDSP and displays 
characters on H2570. 


ee | aaereuents pointer indicating display 
data in data table. 


Fig. 4 Program Module Flowchart 


ol dael tart taal a ae: “9 


| imiciuk iaipiel3 


i i hae 





4S | 


wdLouJ 





Fig. 5 Example of displaying on LCD 
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Zed PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME RESET LCD-II MCU/MPU | |HD6305X0/YO} | LABEL | |LCDRE 
| FUNCTION | 


Resets LCD-II using instruction. 


ARGUMENTS 7 


Storage 
Location 















CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 
® ROM (Bytes) 


RAM (Bytes) 


Stack (Bytes) 


Byte 
Leth. 


y-]-/- 


Argu- 
ments 


Re- 
turns 


DESCRIPTION 


(1) Function Details 


: Not affected 
xX : Undefined 
t > Result 


Contents 











of cycles 


46426 


No. 


32 

1 

No 
Yes 





(a) Program module LCDRES has no arguments. 


(b) Resets LCD-II if power supply condition for built-in reset circuit is 
not suitable. 


(c) Program module LCDRES calls neither program modules nor subroutines. 


) 


(2) User Notes 


tT. 


Selects DDR of port G as output. 


SPECIFICATIONS NOTES 
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PROGRAM MODULE NAME RESET LCD-II MCU/MPU | |HD6305X0/YO|j LABEL | jLCDRES 
DESCRIPTION 


(3) RAM Description 


Label RAM Description 
b7 b0O 


LCDCNT | Stores number of LCD-II resets. 


(4) Sample Application 


Calls program module LCDRES after selecting I/O port. 
; 
LDA # SEF 
STA PGDDR 


| 3s LCDRES | -~----Calls program module LCDRES. 


(5) Basic operation 


}----. Selects port G as output. 


(a) Sets $30 to LCD-II with delay time as shown in Fig. 6. 


(b) 1/0 port controls signals RS, R/W and E, and transfers $30. 







Wait 4.1ms 
or more 


$30 
Wait 100us 
or more 

$30 






Fig. 6 LCD-II Reset Performed by Program 


(c) Executes 15ms software timer and transferring $30 three times using 
loop process to reset LCD-II as shown in Fig. 6. 
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PROGRAM MODULE NAME RESET LCD-II - MCU/MPU | | HD6305X0/YO|} LABEL | |LCDRES 


FLOWCHART 


LCDRES 


LCDRES 


_ 3>LCDCNT -----~+ Stores 3 in LCDCNT(RAM). 


LCDRS1 


S$OC>ACCA 
CDE 
SFF>1IX 
(IX) -1>1X 
~----- Executes 15ms software timer. 
(1X)=0 
ACCA)-1°ACCA 


(ACCA) =0 
$00>PFDTR ----| sets signals RS, R/W and E to Low. 









Y 


iy 


$01+PFDTR ----| sets signal E to High. 


$30>PGDTR ca ere instruction set 


(Interface length 8-bit). 


$00>PFDTR ----| sets signal E to Low. 


LCDCNT) -1> 
LCDCNT 


LCDCNT)#0 
<(LCDENT) =02--=— = -+=- | tests if LCD-II reset is completed. 


—---- | Decrement LCDCNT (RAM) . 


(LCDCNT)=0 
RTS 
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| PROGRAM MODULE. NAME MODULE NAME INITIALIZE INITIALIZE LoD-tt | Mcu/Meu | ncu/mpu | fsD6305x0/¥0 [LABEL oping 


[Function 


Initializes LCD-II display mode. 









ARGUMENTS 


Contents 






| es IN CPU | SPECTFLcATrONS — 
| es AND FLAGS 


: Not affected 


: Result 
RAM a 


Stack (Bytes) 
No. of cycles 












Storage Byte 
Location | Leth. 


eo 
Argu- 
ments 

| oe 


| _pescriprion | 





(1) Function Details 


(a) Program module LCDINT has no arguments. 


(b) Program module LCDINT clears display, selects shift left mode, auto- 
increments DDRAM address, defines DDRAM address and sets LCD "on". 


(c) Program module LCDINT calls subroutines shown in Table 3. 


Ce eee (1) "SPECIFICATIONS" includes subroutine LCDBSY. 


(2) "No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
when subroutine LCDBSY is executed by the minimum cycles. 
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PROGRAM } PROGRAM MODULE NAME NAME INITIALIZE Lop-1r INITIALIZE Lop-1r Il | cu/eu 11D6305x0/vo} | LABEL, LABEL LODINT 


[ __pescrrprion | 


Table 3 Subroutine Called in LCDINT 


CHECK BUSY FLAG LCDBSY Checks LCD-II busy, 


(2) User Notes 






(a) Selects DDR of port G as output. 


(b) Calls program module LCDRES and reset LCD-II to initialize LCD-II. 


(3) RAM Description 
RAM is not used in program module LCDINT. 
(4) Sample Application 
Calls program module LCDINT after selecting I/O port and resetting LCD-II. 


LDA #SFF 


STA PCDDR --Selects port G as output. 
JSR LCDRES ~---Calls program module LCDRES and resets LCD-II. 


| ISR LCDINT ---cals program module LCDINT. 


(5) Basic ‘Operation 


(a) Program module LCDINT loads data shown in Table 4 into instruction 
register when initializing LCD-IIL. 


(b) Stores data shown in Table 4 in port G and controls signals E, R/W and RS 
of LCD-Ii by using port F, and sets them to LCD-II. 


Table 4 LCD-II initialization data 


Turns off display. 
Clears all display. Loads $00 into DDRAM address. 


a cae Selects cursor direction to right and shifts display. 
2 Loads $10 into DDRAM address. 













Selects cursor direction to left. 
Turns on display. 
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PROGRAM MODULE NAME INITIALIZE LCD-I1 MCU/MPU  oss0sx0/%0 LABEL oon 
FLOWCHART 


LCDINT 


LCDINT 







------| Loads "6" into IX. 


LCDBSY | 


$00>PFDTR 


ee: eee subroutine LCDBSY and checks 
LCD-II busy. 






aera | sets signals RS, R/W and E to Low. 


$01+PFDTR 


acaeaiennatan | sets signal E to High. 





Outputs data to be loaded into 
instruction register from port G. 


$00°>PFDTR 


SSS | sets signal E to Low. 






(IX)-1->1X 


Soe Ses coe | Decrement IX. 


a as | tests if initialization is completed. 


(IX)=0 
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_ | PROGRAM MODULE NAME DISPLAY ON LCD || MCU/MPU | |HD6305X0/YO| ] LABEL | JLCDDSP 
FUNCTION 










Stores ASCII code in DDRAM of LCD-II and displays characters on LCD. 


ARGUMENTS 
Storage Byte 
Location | Lgth. 


| cameenee 
ah 

















CHANGES IN CPU 
PECIF N 
REGISTERS AND FLAGS SPECIFICATIONS 


@ : Not affected 
: Undefined 
: Result 

















[Row Goyees) 
ae 
We. of eyctes | 
| a 
} No 
| Raterrope 
[ae 






Displa 
Bee fate 7 
Argu- | 





E 
Re- 


|} ments 
turns 


~ DESCRIPTION 















x b7 Ix bO 
® Argument 4 ASCII 
(1) Function Details ('C'=$43) 
(a) Argument details | 


IX: Holds 1-byte ASCII. Liquid crystal display 





(b) Fig. 7 shows an example of program @ Result 
module LCDDSP execution. If entry 
argument is held in IX as shown in 
part @ of Fig. 7, ASCII is stored Fig. 7 Example of LCDDSP 
in current address of DDRAM, and Execution 


characters are displayed on LCD. 


SPECIFICATIONS NOTES 


(2) "No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
when subroutine LCDBSY is executed by the minimum cycles. 





(1) "SPECIFICATIONS" includes subroutine LCDBSY. 
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PROGRAM MODULE NAME DISPLAY ON LCD MCU/MPU | |HD6305X0/YO]} LABEL | ILCDDSF 


DESCRIPTION 


(c) Program module LCDDSP calls subroutines shown in Table 5. 


Table 5 Subroutine Called in LCDDSP 


SubRouE Te Function 


CHECK BUSY | icppsy | Checks busy flag. 


(2) User Notes 





(a) Selects DDR of port G as output. 


(b) Calls program modules LCDRES and LCDINT and initializes LCD-II to make 


H2570 display characters using LCD-II. 


(3) RAM Description 


RAM is not used in program module LCDDSP. 


(4) Sample Application 


Program module LCDDSP is called after selecting I/O port, resetting LCD-II, 
initializing LCD-II and storing display data. 


LDA #SFF eer er 

STA Senne --Selects po as output. 

JSR LCDRES ----Calls program module LCDRES and resets LCD-II. 

JSR LCDINT ----Calls program module LCDINT and initializes LCD-II. 
LDX #$41 ----Stores display data in entry argument. 


| JSR LCDDSP |-~calis program module LCDDSP. 


(5) Basic Operation 


(a) 


(b) 





Microcomputer cannot write data into LCD-II when LCD-II is in operation. 
Whether LCD-II is in operation or not can be checked by busy flag. 
Therefore, program module LCDDSP calls subroutine LCDBSY and checks 
LCD-II busy flag to test if LCD-II is in operation. 

Busy flag = 1 : LCD-II is in operation. Data cannot be written. 

Busy flag = 0 : Data can be written into LCD-II. 





Controls LCD-II control signal and writes data into LCD-II with timing 
illustrated in "2.1 HARDWARE DESCRIPTION, (5) Hardware Operation". 
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PROGRAM MODULE NAME DISPLAY ON LCD mcu/MPU | |HD6305Xx0/YO LCDDSE 
FLOWCHART | 


LCDDSP 









Calls subroutine LCDBSY for LCD-II 


cate check. 


Sets signals RS to High, R/W and E to Low. 


Sets signal E to High. 


(IX) + PGDTR 
02 > PFDTR 


-----| outputs ASCII for display to LCD-II. 


-----| sets signal E to Low. 
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2.4 SUBROUTINE DESCRIPTION 


SUBROUTINE NAME CHECK BUSY FLAG MCU/MPU | | HD6305X0/YO] | LABEL | |LCDBS 
FUNCTION 


(1) Tests LCD-II status. 






(2) Loops subroutine LCDBSY until LCD-II becomes READY. 


BASIC OPERATION 


The MSB of data bus becomes busy flag if LCD-II data bus is read 
during RS=0, R/W=1 and E=1. 





FLOWCHART PROGRAM MODULE USING LCDINT , LCDDSP 
THIS SUBROUTINE 





LCDBSY 
LCDBSY 
SSSeas, | selects port G as input. 


a aaa | sets signals R/W to High, RS and E to Low. 


---—--- | Sets signal E to High. 


------| Loads busy flag into ACCA. 


----— + Loa busy flag into bit C. 


------| sets signal E to Low. 


------| Loops until busy flag becomes "0". 


(Bit C)=0 


----| Selects port G as output. 
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2.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
Q0005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 


0080 


0080 
0081 


00013 © 


00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
Q0024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
0004? 
00048 
00049 
000S0 
00051 
00052 
00083 
00054 
00055 


638 


1000 


1000 
1001 
1003 
1005 
1007 
1009 
100C 
100F 
1011 
1014 
1016 
1018 
1018 
1010 
101F 


1021 
1023 
1025 
1027 
1029 
102A 
102C 
102D 
102F 


0001 
0001 


OOOC 
O00D 
0007 


4F 
Br 
Br 
A6 
B? 
CD 
CD 
BE 
DE 
A3 
Ze 
CO 
3C 
20 
20 


A6é 
Br 
A6 
AE 
SA 
26 
4A 
26 
B? 


80 
OD 
FF 
07 
1021 
1041 
80 
108A 
FF 
O07 


80 
FO 
FE 


03 
81 
oc 
FF 


FO 


F8 
OC 


1059 


*« 


OK OIOK RAM ALLOCATION FOR OOO IO IOI OOK HOR IOK HOR IOK HOOK 
a 
ORG $80 
* 
POINTR RMB 1 Pointer of display data table 
LCDCNT RMB 1 Loop counter 
*K 
1OOHKK = «SYMBOL DEFINITIONS — oO OK OK OK 
* 
PFOTR EQU $0C Port F data register 
PGDTR EQU $0D Port G data register 
PGDDR EQU $07 Port G data direction register 
DEK IK IC IK IK ICICI IC EK EK EC EC IK IC IK IK IK DIC IC DIK IK IK IK IK IK CIC ICC IK EC IK IK IE IC IK IKK ICI IC IKK IKK 
*K * 
»K MAIN PROGRAM _CDOMN K 
*K *K 


OK DIK CC DK IK IC IC ICICI CK ICO ICCC IOK DK OKI HOOK OK IOI IOKOIOK IK OK KOK OK 2k 
*K 


ORG $1000 
»*K 
LCDMN CLR A Clear pointer 

STA POINTR 

STA PGDTR Initialize port G 

LDA HSFF 

STA PGDDOR Select port G as output 

JSR LCORES Reset LCO-ITI 

JSR LCDINT Initialize LCO-IT 
LCDM1 LOX POINTR Load data table pointer 

LDX DDATA.X Ascii data -> IX 

CPX RSFF Test if IX=$FF 

BEQ PEND Branch if IX=S$FF 

JSR LCDOSP Display data 

INC POINTR Increment pointer 

BRA LCDOM1 Branch always LCDM1 
PEND BRA PEND End of main program 
DIK IK DIK DIK IKK IC IK IK EC IKK IK IK ICC IK CK IC IKK ECE IK ICICI ICICI IC IK ICICI IK IOI IK IHC IKK 
> K 
>» NAME LCORES CRESET LCO-II) * 
> K 
DEK OK ICC IK III III III IK OIRO HOR IOI IK IOI IOI KK IK IK IIR KOICHI HOOK IC 
»K kK 
> ENTRY NOTHING * 
»K RETURNS NOTHING >» 
> 5 


DKK HOOK OOK OK ORO OKI OK IOIOK IOI OR IOI OK IOFOR IIHR IOI OHOK I OIOK IOKOK OOK OK 


LCDORES LDA #3 Initialize Loop counter 
STA LCDCNT 
LCORS1 LDA HSOC Initialize 15ms counter 
LCORS2 LOX RSFF Initialize inner counter 
LCORS3 DEC X Decrement inner counter 
BNE LCDRS3 Loop until inner counter=0 
DEC A Decrement 15ms counter 
BNE LCDRS2 Loop until 15ms counter=0 
STA PFOTR Set RS=0,R/W=0,E=0 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
0007? 
00078 
Q0079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 





1031 
1033 
1035 
1037 
1039 
103A 
103C 
103E 
1040 


1041 
1043 
1046 
1047 
1049 
1048 
104D 
1050 
1082 
1053 
1055 
1056 
1058 


1059 
105C 
1OSE 
1060 
1062 
1064 
1066 
1068 
106A 


Aé 
B7 
Aé 
B7 
4F 
B?7 
3A 
26 
81 


AE 
CD 
4F 
Br 
A6 
Br 
D6 
B? 
GF 
Br 
SA 
26 
81 


CD 
A6 
B? 
ASé 
Br 
BF 
A6 
Br 
B81 


O1 
OC 
30 
OD 


OC 
81 
ES 


06 
1068 


OC 
Ol 
OC 
1083 
OD 


OC 
EB 


1068 
02 
OC 
03 
OC 
OD 
O02 
OC 


LDA #$01 | 

STA PFOTR Set RS=0,R/W=0,E=1 

LDA #530 

STA PGDTR Write instruction data 

CLR A Set E=0 

STA PFOTR 

DEC LCOCNT Oecrement Loop counter 

BNE LCORS1 Loop until Loop counter=0 

RTS 
DEE HC IK HEHE HC IK IC IK IK IK IK ICICI IC IC IK IK IK IC HICK IK IK CECI EC IC IC IK CEC DICK EK IC IC IK CEC IK IKK ICC IK 
* * 
Kk NAME LCDINT CINITIALIZE LCO-II) Kk 
Kk >» 
FORO OOOO OOK OIRO OIOK IOROOK ORO IOI OOOO OOK IO IOK OKO KK HOK IOK 
K »K 
>» ENTRY NOTHING >» 
Kk RETURNS NOTHING *K 
K *K 


DE DIK DI IK DIC IC IK DC DECK DC ECC ICICI KK DC IC DEC ICI HCC IC IC IC IC I DK IC IK DIK 2 DIK OI IKK OK DIK OK IK IK IC 2K IK IK IK 


LCDINT LOX #6 Load Loop counter 
LCDIT1 JSR LCOBSY Check busy flag 

CLR A Set RS=0,.R/W=0,E=0 

STA PFOTR 

LDA #$01 Set E=1 

STA PFOTR 

LDA INS-1,.X Instruction data->LCDO-ITI 

STA PGOTR 

CLR A Set E=0 

STA PFOTR 

DEC x Decrement Loop counter 

BNE LCDIT1 Loop until Loop counter=0 

RTS 
DOIOIOROR OOOO OK IOI IOROIOROIOORI OK OK OR FOR IORI OOOO OOK OK OHIO OK aK 
*K * 
> NAME LCDOSP CDISPLAY ON LCOD-II) > 
»*K *K 
DE DIK KI HOHE IK HCCC HICK ICICI HOHE IK HK IKK HER KIC ICICI IK KC IK KICK KIC IKK KK IK ICICI IK IK IK 
*K 4 
»K ENTRY IX (DISPLAY DATA) * 
* RETURNS NOTHING * 
a *K 


DHE EC IC ECC DECC IC IC IC ICE CEC IC IK CHC CIC OHO CIC IC DIC DEC IC IC IC IK IC ICC IC IC IC IEC IK IK CC 2K 


LCODSP JSR LCOBSY Check busy flag 

LDA H$SO2 Set RS=1.R/W=0,E=0 

STA PFOTR 

LDA HSO3 

STA PFOTR Set E=1 

STX PGOTR Display data->LCD-II 

LDA H$O2 Set E=0 

STA PFOTR 

RTS 
DE I IK DIK ICRC IK IHC ICIOICHOHC IC EC KC KK EC CICK ICC KIC EC IK IK OOK IKK IK IK CIC IOI CICK ICI KOK 
*« . *K 
* NAME LCDBSY (CHECK BUSY FLAG) * 
*K *« 

@ HITACHI 


639 











00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
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1068 
106C 
106E 
1070 
1072 
1074 
1076 
1078 
1079 
1078 
107D 
107F 
1081 
1083 


1084 
108A 
109A 


1FF6 


1FF6 
LFF 
1FFA 
LFFC 
1FFE 


GF 
Br 
A6é 
Br 
AG 
Br? 
Bé 
48 
A6 
Br 
29 
A6 
B? 
81 


oc 
43 
FF 


O07 
04 
OC 
QS 
OC 
OD 


04 
Oc 
F3 
FF 
O07 


1000 
1000 
1000 
1000 
1000 


FOO OOOO OOOO OOOO IORI OOOO IIOOK KOK 
LCDBSY CLR 


LCDBY1 


STA 
LDA 
STA 
LDA 
STA 
LDA 
LSL 
LDA 
STA 
BCS 
LDA 
STA 
RTS 


A 
PGDOR 


—RSO4 


PFOTR 
HSOS 
PFDOTR 
PGDTR 
A 
HSO4 
PFOTR 


LCOBY1 


HSFF 
PGDDR 


Select port G as input 
Set RS=0,R/W=1,E=0 

Set E=1 

Read busy flag 

Set busy flag to bit C 
Set E=0 


Loop until busy flag=0 
Select port G as output 


DK DC DKK DK DC AC OK DK DK DK IK DK IK IC IK IK IK KK IK ECE CEC IC ICC CCK ECE CK IK DIK IK ICI OK HOOK CK 


*K 
*K 
1. 


*K 


DATA TABLE * 


K 


DIK DK OAK IK DK IK IC IK IC IK DK IK IC IK CK IC IC IK IK CICK IKK CHK IKK IK IK IK IK EC IK IC IK EC KIC ICO HOI IK OK 


INS 
DDATA 


FCB 
FCC 
FCB 


$0C,$18,.$90,$07,$01,. $08 
/CMOS MCU HD630SX/ 


$FF 


*instruction 
xD isplay 


DK DIK IC DK OK CK IK OIC COC IK IC IC I OHO IC ICICI OC IC EC IC IK IK KK OKC OKI ICOIKOOK OK OK IK 


>K 
K 
*K 


K 


VECTOR ADDRESSES * 


K 


DE DIK CC DIK CK 246 IK IK IKK IC IC EC IC IC OK IK IK IC IK OI ICI AK HO CC IC IC IC IC IC IK IK IC KKK IK ICE IK HK 


*K 


>K 


ORG S1FF6 
FOB LCOMN 
FDB LCOMN 
FOB LCDMN 
FOB LCOMN 
FDB LCDMN 
END 
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SCI/TIMER2 
TIMER/INT2 
INT 
SWI 
RES 


3. DUTY CONTROL OF PULSE OUTPUT 


aed HARDWARE DESCRIPTION 


(1) Function 


(a) Outputs pulse with 0V100% duty rate from the HD6305x0. 
(b) Performs DA conversion of output pulse with external 


integration circuit. 
(2) Microcomputer Applications 


(a) Executes the interrupt routine with the built-in 8-bit 
timer with 7-bit prescaler in the HD6305X0 (hereinafter 
timer). 

(b) Switches port C and outputs pulse with the interrupt 
routine. 


(c) Changes High and Low period of pulse with TDR. 


(3) Circuit Diagram 
MCU 

HD6305xX0 

(HD6305Y0) 











yg HD140508 preeieput 





Fig. 1 Duty Pulse Output Circuit 


(4) Pin Functions 





Pin function for pulse output is shown in Table 1. 


Table 1 Pin Function 


Pin Name | Input/ | Active Levei per cine Program 
(HD6305X0) | Output | (High or Low) Label 
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(5) Hardware Operation 


Outputs pulse with 0V100% duty rate at each 0.3s, increasing 
the duty rate 4Z each time from port on the HD6305xX0. 


The pulse output and DA conversion are shown in Fig. 2. 


Output from Port C3 
(duty 40%) 





Output after 





eee, 
DA conversion H | 
| 
—— ! 
| 
| 
] 
1 
i] 
! 
ed 
{ 
j 1 
SSS 
t 


Fig. 2 Pulse Output and Waveform after DA Conversion 


(Note) The output voltage after DA conversion is proportional to 
the duty. 
The operational amplifier is used to prevent the 
flactuation of analog output voltage caused by the load 


in user system. 
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3.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for pulse output is 


shown in Fig. 3. 


DUMN 






DUSET 







fal 







OUTPUT 


SET DUTY PULSE 


Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


PS 
=| sn couse [oi [ostate pie wen oso ay ates 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of DA conversion by 
controlling pulse, performed by the program module in Fig. 3. 
Main program in Fig. 4 changes pulse output with 0100% duty rate 


vat each 0.3 second, increasing the duty rate 4% each time. 


( pu) Main Program 


QO > WORK | ----- { Initializes RAM for work. 
+> PCDTR ; 
Initializes port C and selects bit 3 of 
port C as output. 
08 > PCDDE 
SOD > TCR | ----- Lasieraiaess timer control register. 


O +> Bit I -----{ Enables interrupt. 


DOMN I) 










Pre Stores entry argument in program 
module DUSET. 


DUSET | eee Calls program module DUSET to store 
entry argument in program module DUOUT. 


(1X)+1>1xX 


IX)=20 Increments data for next pulse output. 


DUMN 2 _| 


Executes software timer of about 


0.3s. 


Timer Interrupt Routine 










eee Executes program module DUOUT to output 
pulse. 


| OUTPUT | 
|__PULSE _J 





Fig. 4 Program Module Flowchart 
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3.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME SET DUTY MCU/MPU | |HD6305X0/YO] | LABEL | JDUSET 


(1) Stores High and Low output period corresponding to 1l-byte hexadecimal duty 


stored in entry argument. 
CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 









(2) Specifies duty each 4%. 


ARGUMENTS 


Storage Byte 


Entry| Duty 1 
Argu- 


ments Hi gh HTIME 
ut 
period (RAM) 1 
Low 
LT IME 
= output l 
S pentod: | 1) bed 
ns 






ee en 

: Undefined pON Mytes) 
RAM oes) 
Stack (Bytes) 


No. of cycles 


Interrupt 





[ __pescerprion _| 
@ Entry IX 


(1) Function Details argument (SOA) 


(a) Argument details 
IX: Holds duty as l-byte b7 HTIME bO 
hexadecimal number. ee 6 a 
HTIME(RAM): Contains High output period. ($64) 
LTIME(RAM): Contains Low output period. @ Return LTIME 
HLOUT(RAM): Contains Flag indicating arguments Pee oe 
what output is performed; (996) H 
Low consecutive output, HLOUT (RAM) 
High consecutive output, ($02) 


or pulse output. 
Table 3 shows flag functions. 





Fig. 5 Example of DUSET 
Execution 








SPECIFICATIONS NOTES 











"No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
in case of duty 40%. 
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PROGRAM MODULE NAME 


DESCRIPTION 








(2) 


(3) 


(4) 


(5) 
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x 
iy 
oO 
jaan} 
ej 


Table 3 Flag Functions 


a eae Vutputs Low consectively from bit 3 
of Port C. 
a, Ae Outputs pulse from bit 3 of port C. 









Outputs High consectively from bit 


of port C. 





(b) Fig. 5 shows an examples of program module DUSET execution. 
When entry argument is as shown in part @ of Fig. 5, High and Low period 
of duty 40% are contained in return arguments as shown in part @ of Fig. 5. 


(c) Program module DUSET calls neither program modules nor subroutines. 
User Notes 


(a) 1/4 of actual duty should be loaded into entry argument, otherwise exact 
High and Low output periods can not be obtained. 


(b) Loads data within range of $00 and $19 into IX. If data outside this 
range is loaded, High and Low output period can not be obtained. 


RAM Description 


Label Description 


by. 80 | 
HTIME Stores high output period. 
LTIME ane Stores low output period. 
HLOUT } pare ta aaa High, Low, or pulse from 


Sample Application 


Program module DUSET is called after set duty. 
' 
LDX #10 ~--— Defines duty. 


| JSR DUSET | - - Calis program module DUSET. 


Basic ‘Operations 


(a) IX is used as pointer to indicate High and Low output period 
corresponding to duty. 


(b) When duty in IX is 0% or 100%, 125 is stored in HTIME(RAM) and LTIME(RAM). 


(c) When duty is other than 0% and 1002, High and Low output periods are 
stored in HTIME(RAM) and LTIME(RAM), and "1" is stored in bit 1 of 
HLOUT(RAM), using index addressing mode respectively. 
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PROGRAM MODULE NAME SET DUTY MCU/MPU | | HD6305X0/YO DUSET 
FLOWCHART 


DUSET 
DUSET 


(1X)=$00 Tests if Low consecutive output is 
aie performed from bit 3 of port C. 


Clears flag to output Low consecutivel 
from bit 3 of port C. 








(IX)#2500 Tests if High consecutive output is 
performed from bit 3 of port C. 


Sets flag to output High consecutively 
from bit 3 of port C. 


Stores data to output High or Low 
from bit 3 of port C. 


HTD -1+ 
aoe ------| Stores High output period data. 


(LTDATA-1+ | __ 
IX) >LTIME 


Stores Low output period data. 


0 + 0,HLOUT 
Sets flag to output pulse from bit 3 
of port C. 


1 + 1,HLOUT 


Sa 


DUSET4 
RTS 
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| PROGRAM MODULE NAME OUTPUT PULSE — || mcu/mpu | }1D6305x0/Yo} | LABEL | |DUOUT 
FUNCTION | 


Outputs pulse from bit 3 of port C. 


ARGUMENTS 
Byte 
| Lgth. 


Contents 
ei 


























CHANGES IN CPU 
7 FICATIONS 
REGISTERS AND FLAGS areee 


@ : Not affected 
xX : Undefined 
: Result 






Storage 
Location 








No 








Interrupt 


b7__HTIME b0 


HTIME (RAM) 





DESCRIPTION 












($64) 
(1) Function Details LTIME 
@ Entry LT IME (RAM) 
(a) Argument details Arguments| ($96) 
HTIME (RAM): Holds High output period. Gears 
| HLOUT (RAM 
LTIME(RAM): Holds Low output period. ($02) | 
HLOUT(RAM): Holds flag indicatin : LSI 
what output is ee Lor @ Result {oie 3 of port C |g —s| 
Low consecutive output, | Duty 40% 
High consecutive output, Fig. 6 Example of DUOUT 
or pulse output. Execution 





"No. of cycles" in "SPECIFICATIONS" represents the number of 
cycles needed to execut output with data in Sample 
Application. 


| SPECIFICATIONS NOTES 
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| PROGRAM NODULE NAME. MODULE NAME | ourpur puss PULSE | vcu/mPu '1D6305x0/¥0 LABEL, /buour 


[ _pescriprion | 


Table 4 shows flag functions. 


Table 4 Flag Functions 


Label Bit/Label Function 
: 


oO Ae ee Outputs Low consecutively from bit 3 of port C. 
HLOUT} 1 | O | Outputs pulse from bit 3 of port C. 


Outputs High consecutively from bit 3 of port C. 


(b) Fig. 6 shows an example of program module DUOUT execution. 
If entry arguments are as shown in part @ of Fig. 6, pulse with 40% 
duty rate is output as shown in part @ of Fig. 6. 





(c) Program module DUOUT calls neither program modules nor subroutines. 
(2) User Notes 

(a) Selects DDR of port C as output. 

(b) Initializes timer. 

(c) Clear bit I to enable timer interrupt. 


(3) RAM Description 


Label RAM | Description 

b7 bO 
HTIME } Stores High output period. 
LTIME } Stores Low output period. 


HLOUT } Stores flag indicating High, Low or pulse 


output from bit 3 of port C. 
(4) Sample Application 


Program module DUOUT is called to output pulse from bit 3 of port C 
after initializing port C, timer and duty, and enabling interrupt. 


1 
LDA #$08 


STA PCDDR | --selects bit 3 of port C as output. 

nae a }.--sets timer dividing rate at + 32. 

LDX #10 --- Loads duty into entry argument of program module DUSET. 

JSR DUSET ---Calls program module DUSET to store High and Low output 
periods in entry arguments of program module DUOUT. 

CLI —--Enables interrupt. 
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| PROGRAM MODULE WAME | PROGRAM MODULE WAME NAME | ourpur use PULSE cu/meu | cu/wpu | |06305x0/0] | LABEL, LABEL pUOUT 


[_pescrrprion _| 


(5) Basic Operation 


(a) Determines the previous output at every timer interrupt, and changes 


output port, High to Low, Low to High. The period of High or Low is 
stored in TDR. 


(b) When duty is 0% or 100%, TDR is set to 50% output and the output port 
remains in High or Low state. 
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FLOWCHART 


DUOUT 


DUOUT 


0>7,TCR ---—| Clears timer interrupt request flag. 


(3,PCDTR)=0 








y 


(3, PCDTR)=0. ----| tests whether Low or High. 
(3,PCDTR)#0 


DUOUT1 


OTD Ea D> 


(1,HLOUT)#0 


1+3,PCDTR 


Sees | stores High period in TDR. 


____.| Tests output status flag in High 
period. 


----- | outputs High from bit 3 of port C. 


(LTIME)>TDR -----| Stores Low period in TDR. 
(0,HLOUT)=1 


ee pee output status flag in 


Low period. 
(0,HLOUT)#1 


0>3,PCDTR | ----- | outputs Low from bit 3 of port C. 


RTI 


DUOUT2 
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3.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


3.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 


~~ Q00S0 
00051 


00052 


00053 | 


00054 
~ 00055 


652 


0080 


0080 
0081 
0082 
0083 


1000 


1000 
1001 
1003 
1005 
1007 
1009 
1008 
100D 
100E 
1010 
1012 
1013 
1015 
1017 
1018 
101A 
101C 
10O1E 
101F 
1021 
1022 
1024 


0001 
0001 
0001 
0001 


0002 
0006 


0008 


0009 


BY 83 
B? O02 
A6é 08 
B? 06 
B? O9 


BE 83 
AD 14 


A3 1A 
26 Ql 


BF 83 
A6ég FF 
26: FD 


26 FB 
20 E8 


*K 
OK OOK OOOO IOIOR OOO OOK OR OR IO OK ROK IOR OK FORO IO KI OIOK KOK HOR OK KOK KOK 


* 
2K OK OK OK 
* 


*« 
HT IME 
LTIME 
HLOUT 
WORK 
K 

MOK HOK 
*K 
PCOTR 
PCDDR 
TOR 
TCR 


Ac 
*K 
* 


RAM ALLOCATION 


ORG 


SYMBOL 


EQU 
EQU 
EQU 
EQU 


MAIN PROGRAM 


DK OK IK IK OIRO HOR OHI FORK OK OK OOK OK 


$80 

1 High pulse data 

1 Low pulse data 

1 Output data ststus 

1 Work for entry argument 
DEFINITIONS DK KOK OK KOK HOOK KOK OK 

$02 Port C data register 

$06 Port C data direction register 
$08 Timer data register 

$09 Timer control register 


DK KOK OK OOK AK KOKORO OK HOR IOK HOOK KOFI HORI OI FOR OKO IO OK KOK OK OK OK OK KOK OOK OK 


1K 


DUMN OK 
« 


DOK I HOOK OK OK HOR OIOOROIOFOIO HOR IOI OOK IO OFOR OKI FOR IK OK FOR FOR OK OK HOR OIOHOK OK KOK 


*K 


« 
DUMN 


DUMN1 


DUMN2 


DUMN3 
DUMN4 


ORG 


CLR 
STA 
STA 
LDA 
STA 
LDA 
STA 
CLI 
LOX 
BSR 
INC 
CPX 
BNE 
CLR 
STX 
LOX 
LDA 
DEC 
BNE 
DEC 
BNE 
BRA | 


$1000 


A 
WORK 
PCOTR 
HS08 
PCDOR 
HSOD 
TCR 


WORK 
DUSET 
x 

H26 
DUMN2 
x 
WORK 
HSFF 
HSFF 
A 
DUMN4 
x 
DUMN3 
DUMN 1 


Clear entry argument 


Initialize port C 

Select port C bit 3 as output 
Set prescaler 1/32 

EnablLe inturrupts 

Load entry argument of DUSET 
Store entry argument of OUOQUT 
DUTY+4%-Dentry argument 
DUTY=104% ? 


Store Q% duty 
Store duty in entry argument 
Execute 0.35 software timer 


DKK AC DK KK ECE IC IC KK IK CICK IKK ICI IC HCI KK IC IK CIC IOC IC COICO 22 IKK ICO IK KCK 2K 


* 
*K 


>K 


NAME 


*K 
aS RETURNS 
* : 


*K 


DUSET CSET DUTY) > 


* 


>» 


ENTRY IX CDUTY DATA) * 
HTIME CHIGH PULSE PERIOD) > 
LTIME (LOW PULSE PERIOD) * 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
0008S 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
O0097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
00108 
00109 
00110 


1026 
1027 
1029 
1028 
1020 
102F 
1031 
1033 
1035 
1037 
1039 
1036 
1030 
103F 
1042 
1044 
1047 
1049 
104B 
104D 


104E 
1050 
1053 
1055 
1057 
10SA 
10SC 
10SE 
1060 
1062 
1065S 
1067 


1068 
1069 
106A 


5D 
26 
11 
13 
20 
A3 
26 
10 
12 
A6 
Br 
B? 
20 
Dé 
Br 
Dé 
Br 
11 
12 
Si 


1F 
O07 
Bé 
Br? 
00 
iy 
20 
Bé 
Br 
O03 
16 
80 


OA 
14 
1E 


09 
02 
81 
08 
82 
O02 
09 
80 
08 
82 
02 


OB 


OD 


O2 


* 
*K 


HLOUT COUTPUT STATUS FLAG) * 
*K 


OOO OK OOO OOOO IOOOOROIOIORO OR IOI OR ORO OK K IOROIOK OK IK 


DUSET 


DUSET1 


DUSET2 


DUSET3 


DUSET4 


TST 
BNE 
BCLR 
BCLR 
BRA 
CPX 
BNE 
BSET 
BSET 
LDA 
STA 
STA 
BRA 
LDA 
STA 
LDA 
STA 
BCLR 
BSET 
RTS 


x Test if duty=0% 7? 
DUSET1 
O,HLOUT Set for Low 


1,HLOUT Set for Low pulse 
DUSET2 

#25 Test if duty=100%7 
DUSET3 Branch for pulse output 
O,HLOUT Set for high 

1,HLOUT Set for high pulse 

#125 Set SO% duty timming 
HTIME 

LTIME 

DUSET4 

HTDATA-1,X Set period of high pulse 
HTIME 


LTDATA-1.X Set period of Low pulse 
LTIME 

O,HLOUT Set for Low pulse 

1,HLOUT Set for high pulse 


FOI OOIOIOR OOK OOO KOR OOK OI OIOR IOI OIOROKOK IOI OK OOK HOOK HOR OK ACK IK HOK ICI OK OK OK OK 


»*K 
*« 
*« 


NAME 


K 


OUOUT «OUTPUT PULSE) a 
x 


OOK OOO OKOIOK HOR HOR OK ORK HOI OHOI IORI ORCI HOC KICK KK HOOK ICI OKO 2K KK 


* 


5 le A A 


*K 


ENTRY 


RETURNS 


K 
HTIME CHIGH PULSE PERIOD) 
LTIME «LOW PULSE PERIOD) 
HLOUT CQUTPUT STATUS FLAG) 
NOTHING 


i a 


*K 


ROOK OOK OOK OOIOK OR ORK OK HOOK IOROIOIOHOHOHOK 0K IO OK KICK OKOKER HOOK ICOOK 


DUOQUT 


DUOUT 1 


DUOUT2 


FOROOIOK OOOO IO OOK OOO OOK OOOO OK OK OR IORI HOOK IK HOOK 


1K. 
*K 
>K 


BCLR 
BRCLR 
LDA 
STA 
BRSET 
BCLR 
BRA 
LDA 
STA 
BRCLR 
BSET 
RTI 


7,1TCR Clear interrupt request bit 
3,PCOTR,.OUOUT1] High or Low output? 
LTIME Store for Low pulse period 
TOR 


O,HLOUT.OUOUT2 Outy=0%7 
3,PCOTR Output Low pulse 
DUOUT2 
HT IME 
TOR 
1,HLOUT,OUOUT2 Duty=100% ? 
3,PCOTR Output high pulse 


Store for high pulse period 





* 


DATA TABLE *« 
* 


ROIOK OOK ORO OOOO OOO OK HOR ORO OK OOK IORI IK OK HOI HOOK I AOKOIOHOK HOOK COOK 


HTDATA 


FCB 10 4 *KHigh pulse period 
FCB 20 8 
FCB 30 EZ 
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00111 1068 28 FCB 40 16 


00112 106C 32 FCB SO 20 
00113 1060 3C FCB 60 24 
00114 106E 46 FCB 70 28 
0011S 106F SO FCB 80 32 
00116 1070 SA FCB 90 36 
00117 1071 64 FCB 100 40 
00118 1072 6E FCB 110 44 
00119 1073 78 FCB 120 48 
00120 1074 82 FCB 130 S2 
00121 1075S 8C FCB 140 S6 
00122 1076 96 FCB 1S0 60 
00123 1077 ADO FCB 160 64 
00124 1078 AA FCB 170 68 
00125 1079 B4 FCB 180 72 
00126 107A BE FCB 190 76 
00127 107B C8 FCB 200 80 
00128 107C D2 | FCB 210 BS 
00129 1070 OC FCB 220 88 
00130 107E E6 FCB 230 92 
00131 10?F FO FCB 240 96 
00132 1080 FO LTDATA FCB 240 4 *xLow pulse period 
00133 1081 E6 FCB 230 8 
00134 1082 OC FCB 220 12 
00135 1083 02 FCB 210 16 
00136 1084 C8 FCB 200 20 
00137 1085 BE FCB 190 24 
00138 1086 B4 FCB 180 28 
00139 1087 AA FCB 170 52 
00140 1088 AD FCB 160 36 
00141 1089 96 FCB 1S0 40 
00142 1LO8A 8C FCB 140 44 
00143 1088 82 FCB 130 48 ; 
00144 108C 78 FCB 120 52 
0014S 1080 6& FCB 110 56 
00146 1O8E 64 FCB 100 60 
00147 108F SA FCB 90 64 
00148 1090 SO FCB 80 68 
00149 1091 46 FCB 70 72 
00150 1092 3C FCB 60 76 
00151 1093 32 FCB SO 80 
00152 1094 28 FCB 40 B84 
00153 1095 1€ FCB 30 88 
00154 1096 14 FCB 20 92 
00155 1097 OA FCB 10 96 
00156 ROOF IOI OIOOOIOROIOIOIOIOOOIOOOOOR IO OOOO KOK IKK 
00158 * VECTOR ADDRESSES > 
00159 > | * 
00160 ne ORO ORO OK IOROIOI OOK IOI OK OOK IORI IORI OKOK HOR KOR IORI OK IO OK FOR IORI OIOK IOI 
~—00161 Kk 7 
OO162 IFF6 | ~ ORG. SIFFS 
00163 *K 
00164 1FF6 1000 FDB DUMN SCI/TIMER2 
00165 1FF8 104E FOB DUOUT TIMER/INT2 
00166 1FFA 1000 FOB DUMN INT 
0016? 1FFC 1000 | FDB DUMN SWI 
00168 iFFE 1000 FOB DUMN RES 
00169 K ) 
00170 | ENO 
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4. PULSE WIDTH MEASUREMENT 


4.1 HARDWARE DESCRIPTION 


(1) Function 
(a) Measures the High period of the pulse using the 
HD6305X0. 
(b) Measures pulse width from 100uUs to 255us. 


(c) Converts measurement result into binary coded decimal 
(BCD) number. 


(2) Microcomputer Applications 
(a) Measures pulse width using TIMER pin and INT pin of the 
HD6305X0. 


(b) The HD6305X0 counts down TDR while the TIMER pin is 
High. 


(c) Executes interrupt routine on the INT falling edge, 


reads TDR value, and measures pulse width. 


(3) Circuit Diagram 


MCU 
HD6305X0 
¢5y ___(HD6305¥0) 






Pulse input 





Fig. 1 Pulse Width Measurement Circuit 
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(4) Pin Functions 


Pin functions for pulse width measurement are shown in Table 1. 


Table 1 Pin Functions 
Pin Name | Input/ | Active level 7 puneeaon Program 
(HD6305X0) | Output | (High or Low) coe Label 
Detects falling edge of input 
INT Input Low pulse and executes the external 
interrupt routine. 
_ a 


(5) Hardware Operation 




















Counts down the TDR during 
"1" active period. 







The HD6305X0 measures the pulse width by counting down the 
TDR using the E clock while TIMER pin is High, which is 


given in Fig. 2. 


TDR pulse count value N N= 4 


E Clock 


- 
NO 
Ww 
> 


TIMER input pin 
Clock width W 


(Note) When E clock cycle is lus, the clock width W is 4us. 
Measurement error is within lus. 


Fig. 2 Pulse Width Measurement 
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4.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for measuring pulse width and 


converting result into BCD number is shown in Fig. 3. 


| CONVERT 
MEASURE 
PULSE WIDTH HEXADECIMAL 
INTO BCD 





Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


fo MAIN PROGRAM PWMN | Obtains the pulse width in BCD number. 
=z 
2 






MEASURE PULSE WIDTH | PWCNT Calculates the pulse width from TDR in 

| l-byte hexadecimal number. 
Converts 1-byte hexadecimal number into BCD. 
See subroutine HEX in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for details. 












CONVERT HEXADECIMAL 
INTO BCD 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of pulse width measurement 


performed by the program module in Fig. 3. 


The main program in Fig. 4 obtains the pulse width as BCD number. 


Main Program 


Hic 


Loads $50 into TCR, disables timer 

$50 * TCR ----| interrupt and sets prescaler rate 
P to i ee ‘ 
: <i> ~---| test if input pulse is Low. 


(INT)#1 


SFF + TDR | ----- | initializes TDR. 


----| Test if input pulse is Low. 
(INT) #1 


On 


$00°TDRRAM| ----- oer RAM for storing pulse width. 


o> Bit I] ----- | Enables interrupt. 


sea econ Stores 1-byte hexadecimal pulse. 


--—-- width in entry argument (HEXD(RAM)) of 


subroutine HEX. 


Calls subroutine HEX and converts 
HEX | _____| 1-byte hexadecimal pulse width into BCD. 

See subroutine HEX in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for 
details. 


PWCNT INT Interrupt Routine 


se ale aet cheats the pulse width in l-byte 






hexadecimal number. 


PULSE WIDTH 





Fig. 4 Program Module Flowchart 
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4.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME MEASURE PULSE WIDTH MCU/MPU | |HD6305X0/YO| | LABEL | |PWCNT 
FUNCTION 


(1) Calculates the pulse width in l-byte hexadecimal number and stores result 
in TDRRAM(RAM). 










(2) Sets oscillator frequency to 4MHz in program module PWCNT execution. 
[ _arcumenrs 


Entry 
Argu- 
ments 
Pulse 
ee Width 


[__escriprion 


(1) Function Details 





CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 


: Not affected 
: Undefined 
: Result 














Storage 
Location 







RAM (Bytes) 
Stack “aa 


Interrupt 













(a) Argument details 


TDRRAM: Contains pulse width in 
(RAM) 1-byte hexadecimal 


number. @ oe TDRRAM b7 TDRRAM bO 
n 


(b) Fig. 5 shows an example of program Result 


module PWCNT esecution. Fig. 5 Example of PWCNT 


Exécution 


SPECIFICATIONS NOTES 
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| PROGRAM MODULE NAME MODULE NAME | MEASURE PULSE WIDTH PULSE WIDTH | cu/eu -2p6305x0/vo] | LABEL. 106305x0/¥0| tases | wow | PWCNT 


[ _pescerprion —_| 


If 150 us pulse width is input as shown in part @ of Fig. 5, the 
measurement result is contained in TDRRAM(RAM) as shown in part @ 


of Fig. 5. 
(c) Program module PWCNT calls neither program modules nor subroutines. 


(2) User Notes 
(a) Only pulse width between 100 us and 200 us can be correctly measured. 
(b) Initializes timer. | 
(c) Clears bit I to enable INT. interrupt. 


(d) Sets oscillator frequency to 4MHz, because pulse width measurement is 
performed by lus E clock. 


(3) RAM Description 


Label Description 


TDRRAM i Stores pulse width in l-byte hexadecimal number. 


(4) Sample Application 


After initializing timer, enable interrupt. 
Program module PWCNT is executed on the falling edge of INT pin signal. 


LAl BIH LA1l ~--Test if input pulse is Low. 
LDA #950 ~--Sets E prescaler division rate to "+1" using timer 
STA TCR 
interrupt mask and TIMER pin. 
LDA #SFF \.--tnitializes TDR 
STA TDR ° 
BIH LAL ---Test if input pulse is Low. 
CLR TDRRAM ---Clears RAM for pulse width. 
CLI ---Enables interrupt. 


(5) Basic Operation 


(a) Pulse width data in program module PWCNT is 2's complement of TDR 
because TDR decrements from $FF. 


(b) To measure pulse width again after (a) execution, TDR is reinitialized to 
SFF . 
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| PROGRAM MODULE NAME MODULE NAME | MEASURE PULSE WIDTH PULSE WIDTH wou eu 'u06305x0/¥0)| Lape LABEL praise 


[  ruowcuarr 


(TDR)*ACCA 


Calculates 2's complement of TDR value 


O-(ACCA)*ACCA | -—~~--- os 
and stores it in TDRRAM(RAM). 


(ACCA)> 
TDRRAM 
fesse Initializes TDR to measure next pulse 
SFF > TDR ee ae 
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4.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


4.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
0001S 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
06045 
00046 
00047 
00048 
00049 
000SO 


00051 . 


000582 
00083 
00054 
000SS 
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0080 


0080 
0081 
0083 
0086 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
100C 
100E 
100F 
1011 
1013 
1015 
1018 


101A 
101C 
101E 
1020 
1022 
1024 
1026 
1028 
102A 


0001 
0002 
0003 
0001 


0008 
0009 


A6 
B? 
2F 
AG 
Br 
2F 
3F 
9A 
3F 81 
Bé 80 
B? 82 
CD 
20 


09 
FE 
FF 
08 
F8 
80 


FS 


3F 83 
3F 84 
3F 85 
A6 10 
Br 86 
38 82 
57-81 
AE 03 
E6 82 


SO 


101A 


*K 
KOK OK OK 
*« 


* 
TORRAM 
HE XD 
DECD 
HCNTR 
*K 

OK HOK 

* 

TOR 
TCR 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 
RMB 


SYMBOL 


EQU 
EQU 


HO OK HE ACK OK IK OK CIC IK KK KK OK CK 


$80 

1 Pulse width data 

2 2-byte hexadecimals 
3 S-digit BCO 

1 Subtraction counter 
DEFINITIONS HOH IC IK HO IOI OK KOK 
$08 Timer Data Reg 

$09 Timer CRIL Reg 


OOK OOOO ORO OOO OIOIOIOIOR OK OIOROK FORK IOI OIOROIOIOI OK IOKOK HOR IO OK HOROKOHOK 


*« 
*K 
*K 


MAIN PROGRAM 


*K 


PWMN * 
*K 


HOR IOIOIO OOO OOK HOO OIOIOIO OK OOK HOR OOO OIOROIOROIOIOOK OIOIOKOIOR OK OIOK OK HOK HOOK 


*« 


* 
PWMN 


PWMN1 


PWMN2 


ORG 


LDA 
STA 
BIH 
LDA 
STA 
BIH 
CLR 
CLI 
CLR 
LOA 
STA 
JSR 
BRA 


$1000 

H$S50 Initialize TCR 

TCR 

PWMN1 Test if INT=0 

HSFF Initialize TOR 

TOR 

PWMN1 Test if INT=0O 

TORRAM Clear pulse width data 
Enable inturrupts | 

HE XD Clear upper byte of HEXD 

TORRAM Store pulse width result 

HEXD+1 | 

HE X Convert result into BCD 

PWMN2 


HOOK OK OK IK IK OK OHOOROIOIOIOR OK HOR OIOHOI HOOK HOFOFOI HORII OK KIO KK HOIOK IC ACOHOK OHOHOOK 


* 


* NAME 


»*K 
* 


*« 


HEX (CONVERTING 2-BYTE HEXADECIMALS * 


INTO S-OIGIT BCD) * 
*K 


OOK OOK OK OIOK OOK OK OOOO OK OK IOI OOK KOO OIOROIOIOK OK IK OIOIOK IOI IKK HOHOHOHCOK 


ke 
7 
* 
*K 


ENTRY 
RETURNS 


* 
HEXD ¢2-BYTE HEX) * 
DECD (S-FIGURE DECIMAL > > 


* 


DOK IK HOR OOK OK FOR OHO IOI HOOK IOIOIOHOK HOFOR HOR HOR ORO HOR HOR HOR HOR HOOK HOHOKOKOOK 


HE X 


HEX 1 


HEX2 


CLR DECD Clear S-digit BCD area 
CLR DECD+1 
CLR DECD+2 
LDA H16 Set shift counter 
STA HCNTR / | 
ASL HEXD+1 Shift MSB of HEXD to carry 
ROL HE XD 
LOX H3 Set ADOR pointer Caddition counter 
LDA DECD-1.X DECD * 2 + C -> ACCA 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 


00086. 


00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 


102C 
102E 
102F 
1031 
1032 
1034 
1036 
1038 


1039 
10368 
103C 
103E€ 
1040 
1042 


1FF6 


1FF6 
1FF8 
1FFA 
1FFC 
1FFE 





ES 82 
8D 
E? 82 
SA 
26 F6 
3A 86 
26 EC 
81 


Bé 08 
40 
B? 80 
A6é FF 
B? 08 
80 


1000 
1000 
1039 
1000 
1000 


ADC 
DAA 
STA 
DEC 
BNE 
DEC 
BNE 
RTS 


DECD-1,X 

Convert into BCO 
DECO-1.X Store S-digit BCD area 
x Decrement ADDR pointer 


HE X2 Branch until ADOR pointer=0 
HCNTR Decrement shift counter 
HEX1 Branch until shift counter=0 


HOOK HOKOIOK KOK OK HOIOIOIK IC IOOFOHOROIO OIC IC IK HOOK DIC ICCC HCI IK ICI CICK DICK 0K 2K 0K 


* 


> NAME 


* 


K 


PWCNT (MEASURE PULSE WIOTH) * 
*« 


DHE DIK CC IK CIC IC CIC DIC CC CIC CC EC CK CCIE HOC ICC DK DIK CC DIC CK OIC CCK KK 2K IK IC CIC IK KICK 


*K 


* ENTRY 
* RETURNS 


K 


*« 
NOTHING * 


TORRAM CPULSE WIDTH) * 
* 


St 22 2 2.0 2.2 2.2.9.2.9 2.9.9 22 2.9 29 2 2 2 2.2 23.2 9 22 2 22 9 2 2932 2 2 2 2 2. 


LDA 
NEG 
STA 
LDA 
STA 
RTI 


PWCNT 


TOR Load TOR Chigh pulse width) 
A Calculate 2's complement of TOR 


TORRAM Store pulse width data 
HSFF Initialize TOR to measure next 
TOR pulse 


2K DKK 2K KK 2K ICO OIC ICI IK ROC CIE CCI ICI DIC CC IC IC CIC ICC IK CIC IK COCK KICK CK CK 2k 


*K 
* 
* 


*K 


VECTOR ADDRESSES * 
*K 


DOK IO KIO IOI OIOIOK OK FOR IOI OK HOR OIOIOIOIOKOK IOHOK OK HOR OIOK OHO OICOHOK OK 2K 


*K 
ORG 
*K 
FOB 
FOB 
FOB 
FOB 
FOB 


END 





S$1FF6 
PWMN — SCI/TIMERZ 
PWMN TIMER/INT2 
PWCNT INT 
PWMN SWI 
PWMN RES 
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5. INPUT PULSE COUNT | | 


5.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Counts number of input pulses using the HD6305X0. 
(b) Counts up to 255 pulses and indicates value as 1-byte 


hexadecimal number. 


(2) Microcomputer Applications 


(a) Inputs pulses from the HD6305X0 TIMER pin. 
(b) The HD6305X0 counts down TDR with pulses input 
from TIMER pin and counts input pulses. 


(3) Circuit Diagram 
MCU 
HD6305X0 
+5V (HD6305Y0) 









Pulse input 


Fig. 1 Input Pulse Counting Using TIMER Pin 


(4) Pin Functions 


Pin function for input pulse count is shown in Table 1. 


Table 1 Pin Functions 


Pin Name Input/ |Active Level Hudation Program 
(HD6305X0) | Output | (High or Low) Label 
TIMER pe Po External event hae ee 
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(5) Hardware Operation 


Input pulse count with use of the HD6305X0 TIMER pin is shown in 
Fig. 2. 


After setting flag in STRTF(RAM) in main program, pulse 
count start/end timings are set by clearing the flag in 
STRTF (RAM). 


Number of pulses: N =5 


Input 
pulse 





Pulse count start Pulse count end 
Fig. 2 Input Pulse Count 
5.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for input pulse count is 


shown in Fig. 3. 


PLSMN 










CONVERT 
HEXADECIMAL 
INTO BCD 


Fig. 3 Program Module Configuration 
(2) Program Module Functions 


Program module functions are summarized in Table 2. 
Table 2 Program Module Functions 


| 0 MAIN PROGRAM PLSMN Obtains input pulse count result as BCD 
number. 
COUNT PULSES PLSCNT sg number of input pulses from TDR 


Converts l-byte hexadecimal into BCD. 
ast See subroutine HEX in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for details. 



























(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of counting input pulses and 
converting count result to BCD number, performed by the program 
module in Fig. 3. 


PLSMN Main Program 


PLSMN 
1> sTRTF| ----- bese flag indicating input pulse count 
start. 
Calls Program module PLSCNT and starts 
| PHONES | pee count. 


200 > ACCA 
LSMN. 


(ACCA)-1>ACCA 


(ACCA) #0 Ceca) D> 


(ACCA) =0 






-----| Executes software timer of 200ms. 


(IX) -1> 1X 


ed 


(IX)=0 
0 > STRTF aa 
| le PLSCNT and stops 
| pi cour | ore program module P 


‘| pulse count. 
$00>HEXD Stores pulse count (l-byte hexadecimal 


---~-| number) in entry argument (HEXD(RAM)) 


in subroutine HEX. 


Pr subroutine HEX and converts 


Clears flag indicating input pulse 
count start. 


| HEX | ee es result in l-byte hexadecimal into BCD. 


See subroutine HEX in HD6305 FAMILY 


APPLICATION NOTES (SOFTWARE) for details. 


Fig. 4 Program Module Flowchart 
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5.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME COUNT PULSES MCU/MPU | |HD6305X0/YO} | LABEL | IPLSCNT 
FUNCTION 








Counts pulses input from TIMER pin and stores result in ACCA. 


CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 


@ : Not affected 
xX 3; Undefined 
t : Result 











ARGUMENTS 
Storage Byte 


Contents 


Flag in- 

dicating| STRIF 1 

start/ (RAM) 

stop 
; 

DESCRIPTION | 160 pulses | 


(1), Function Details @ Input 4 pUUL JUL 
b7 bO b7. b0 























RAM (Bytes) 
oes 


No. of cycles 


Interrupt 








(a) Arguments details 
STRTF COLI) STRTF [010) 
STRTF (RAM): Holds flag indicating ($01) ($00) 
start/stop of pulse 
count. Table 3 shows ACCA 
flag functions. b7 
ACCA; Contains result of 50 
Return ACCA 
pulse count as l-byte @® (SAO) A 0 
hexadecimal number. SE EUBEIE 


Fig. 5 Example of PLSCNT 
Execution 





"No. of cycles" in "SPECIFICATIONS" represents the number 
of cycles required to start pulse count. 


SPECIFICATIONS NOTES 
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PROGRAM MODULE NAME COUNT PULSES MCU/MPU | |HD6305x0/YO| | LABEL | |PLSCNT 


DESCRIPTION 


Table 3 Flag Functions 


| 
Function 
stats |__° __|_ Stops pulse count 


(b) Fig. 5 shows an example of program module PLSCNT execution. If 160 
pulses are input from TIMER pin as shown in part @) of Fig. 5, the count 
result is contained in ACCA as shown in part Qof Fig. 5. 
















(c) Program module PLSCNT calls neither program modules nor subroutines. 
(2) User Notes 

Counts up to 255 pulses because TDR is used to count input pulse. 
(3) RAM Description 


Label RAM Description 
b7 b0 


STRTF [ Stores flag indicating start/stop of pulse count. 


(4) Sample Application 


Program module PLSCNT is called after timer is initialized and flag indicating 
start/stop of pulse count is held. 


WORK1 RMB 1 —~—-—-Reserves memory byte for count result in 
l-byte hexadecimal number. 
| 


BSET 0,STRIF - --—-Sets flag to start pulse count. 
JSR PLSCNT | —-—--Calls program module PLSCNT and starts pulse 
; count. 
-BCLR O,STRTF -~—~—-Clears flag to stop pulse count. 
| JSR PLSCNT | ____ Calls program module PLSCNT and stop pulse 
count. 
STA WORK1 .—-~-Stores count result in l-byte hexadecimal 


; number in return argument. 


(5) Basic Operation 


(a) The HD6305X0 timer decrements TDR from S$FF immediately after clock is 
input from TIMER pin. 


(b) TCR designates event input from TIMER pin as clock input and sets 
prescaler diving rate to "+]" 


(c) Count result is obtained by taking the 2's complement of TDR's contents 
when clock input stops. 
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PROGRAM MODULE NAME COUNT PULSES MCU/MPU | | HD6305X0/YO]| | LABEL | |PLSCNT 
FLOWCHART' 













PLSCNT 
PLSCNT 


(0,STRTF)=0 | ; 
aaa Tests if starts or stops pulse count. 


PLSCT1 (0, STRIF)=1 
$68>TCR 


-----| stops pulse count. 


(TDR)*ACCA 


0-(ACCA)> 
ACCA 


=eeS> { toads count result into ACCA. 


a Calculates 2's complement of ACCA 
contents. 


SFF + TDR 


$70 + TCR 


Sear | initializes TDR. 


ees Sets event input from TIMER pin and 
starts pulse count. 
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5-4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


5.5 PROGRAM LISTING 


00001 
00002 OK CK RAM ALLOCATION HOR OOO OKO OOROIOK HOR OK HORI HOR HOROIOK 
~ 00003 a 
00004 0080 ORG $80 
0000S a 
00006 0080 0001 STRTF RMB 1 Flag indicating start and stop 
00007 0081 0002 HE XD RMB 2. 2-byte hexadecimals counter 
00008 0083 0003 DECD RMB 3 S-digit BCO 
00009 0086 0001 HCNTR RMB 1 Subtraction counter 
00010 > 
00011 HOH OK OK SYMBOL DEFINITIONS OIOIOIOIOK OK OK KOK 
00012 *K 
00013 0008 TOR EQU $08 Timer data register 
00014 0009 TCR EQU $09 Timer control register 
00015 YOROROROIOROK OOOO OK IOI OR IO IOR KOI OK IO OR FOR OK IO ORO OOK KOK OOK OOO OKOK 
00016 * > 
00017 > MAIN PROGRAM : PLSMN 
00018 > * 
OOO19 OOK OIOROIOR OOK OOK OK OOOO OOK OK IOIOIOIOROIOFOR OK OOK OOO HOR IOI OIOK HOR OK HOR OK 
00020 *« 
00021 1000 ORG $1000 
00022 > 
00023 1000 A6 Ol PLSMN LDA H$1 Set pulse count start flag 
00024 1002 B? 80 STA STRTF 
00025 1004 CD 101F JSR PLSCNT Start pulse count 
00026 1007 AE C8 LOX #200 Execute software timer of 200ms 
00027 1009 A6 C8 PLSMN1 LDA #200 
00028 100B 4A PLSMN2 DEC A 
00029 100C 26 FD BNE PLSMN2 
00030 1O0E SA DEC X 
00031 100F 26 F8 BNE PLSMN1 
00032 1011 3F 80 CLR STRTF Reset pulse count start flag 
00033 1013 CD 101F. JSR PLSCNT Stop pulse count 
00034 1016 3F 81 CLR HEXD Clear upper byte of HEXD 
0003S 1018 B? 82 STA HEXO+1 Store pulse count result 
00036 101A CD 1034 JSR HEX Convert result into BCD 
00037 1010 20 FE PEND BRA PEND End of program 
00038 OIOIOIOROR OR OR OIOK IOIOK IOI OOK OK OIOR ROR OK OOFOI OR OOK OR OIOIOROIOROIOR OK OHORK HOROK HOK 
00039 OK * 
~ 00040 > NAME : PLSCNT (COUNT PULSES) OK 
00041 * * 
00042 FOIOIOIOIOI OOOO OOOO OK IOOIOIOROIOR IORI IOI OI OR OIOIOROROIOIOI OKI OIOKOK OK OOK OK 
00043 | | > > 
00044 > ENTRY : STRTIF CFLAG INDICATING START/STOP) x 
0004S * RETURNS : ACCA ¢2's COMPLEMENT OF TOR) > 
00046 K | »K 
00047 OOK OIOOIOIOOOIOOIOR OR ORO OOOO IOK FORO OIRO OR OOO HOR OK HOOK HOR HOR IOHOK 
00048 101F O1 80 OA PLSCNT BRCLR O.STRTIF,.PLSCT1 Test if count start or 
00049 1022 A6é FF LDA HOFF Initialize TOR stop ? 
OO00SO 1024 B? O8 | STA ~=~TOR 
00051 1026 A6 70 LDA H$70 Start pulse count 
O000S2 1028 B? 09 STA TCR 
00053 102A 20 O7 BRA PLSCT2 | 
00054 102C A6 68 PLSCT1 LOA | H$68 Stop pulse count 
0005S 102E B? O09 STA TCR 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
0007 1 
00072 
00073 
00074 
Q0075 
00076 
0007? 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 


1030 
1032 
1033 


1034 
1036 
1038 
103A 
103C 
103€ 
1040 
1042 
1044 
1046 
1048 
1049 
1048 
104C 
104E 
1050 
10S2 


1FF6 


1FF6 
1FF8 
1FFA 
1FFC 
1FFE 


Bé 08 
40 
81 


3F 83 
3F 84 
3F 85 
A6 10 
B? 86 
38 82 
39 81 
AE 03 
E6 82 
ES 82 
8D 

E? 82 
SA 

26 F6 
3A 86 
26 EC 
81 


1000 
1000 
1000 
1000 
1000 


LDA TOR Calculates 2's complement of 
NEG A TOR 
PLSCT2 RTS 
FOROIOIOIOOROOROR OOOO OR IOK FOR OK OR ORO OOK OK IOI OIOK 
* * 
* NAME HEX CCONVERTING 2-BYTE HEXADECIMALS x 
>» INTO S-DIGIT BCO) * 
* * 
OROIOOR IOI OOO OOOO ORO OR OI ORI OK OOOO IO OOK IORI KOK KOKIOK IK 
> >» 
* ENTRY HEXD (2-BYTE HEXADECIMALS) x 
*« RETURNS DECD ¢S-DIGIT BCD) * 
* »#’ 
OO IOIOIOIOOROROOICI OOOO OOOO OROROIOIOR I OOOO OOO KIO HOOK 
HEX CLR DECD Clear S-digit BCD area 
CLR DECO+1 
CLR DECO+2 
LDA #16 Set shift counter 
STA HCNTR 
HEX 1 ASL HEXD+1 Shift MSB of HEXOD to carry 
ROL HE XD 
LOX #3 Set ADDR pointer Caddition 
HEX2 LDA DECD-1.X DECD * 2 + C -> ACCA count, 
ADC DECD-1.X 
DAA Convert into BCD 
STA DECD-1.X Store S-digit BCD area 
DEC Xx Decrement ADDR pointer 
BNE HEX2 Branch until ADOR pointer=0 
DEC HCNTR Decrement shift counter 
BNE HEX1 Branch until shift counter=0 
RTS 


YK DK DIK DIK DEC DIC DIC DK IK DECK IK RCC CIC CIC ICC ICH HCOH HC IC CC IC CHC 2 HC IK IC IKK IK IK IC IK 2 


*“ 
*K 
* 


* 


VECTOR ADDRESSES * 


*«K 


DECK HOC CIC KK OHO IC DIC IK IC IC CRICK DK ICI CHOC IC IC CHC IC DK ICC HOE IC IC ICI IK KK IC 2K 


> 4 
ORG 
* 
FOB 
FOB 
FDB 
FOB 
FOB 


END 


SIFFS 


PLSMN 
PLSMN 
PLSMN 
PLSMN 
PLSMN 
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SCI/TIMERZ 
TIMER/INT2 
INT 
SWI 
RES 
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6. ZERO CROSS | med 


6.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Measures AC power frequency (50Hz or 60Hz) using the HD6305xX0. 
(b) Permits pulse conversion circuit to convert single 100V 

AC waveform into pulse waveform at double the frequency. 
(c) Inputs AC power (100V) to pulse conversion circuit 


(photo coupler) and obtains frequency (50Hz or 60Hz). 


(2) Microcomputer Applications 


(a) Executes interrupt routine using built-in 8-bit timer with 
7-bit prescaler (hereinafter, timer). 
(b) Counts pulses of waveform converted from AC waveform 


by input from INT pin. 
(3) Circuit Diagram 
‘ MCU 


HD6305xX0 
(HD6305Y0) 





Pulse Conversion Circuit 





| paneee : HZ5C +5V | 
1 ! 
1 | _|.__ $2VB10 el ay eG 
i series. RN ! 
1oov | | ! a 

| I 

i | " | 
| { ! 
a. 1 

oud ! 
| 1 
DO es ee ee 4 
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(4) Pin Functions 


Pin function at the interface between the HD6305X0 and pulse 


conversion circuit is shown in Table l. 
Table 1 Pin Functions 


Pin Name 
Function (Pulse conver- 
sion circuit) 


Input/ | Active Level 
(HD6305X0) | Output | (High or Low) 


Inputs power pulse | Photo Coupler 
signal. output 





(5) Hardware Operation 


Timing charts of AC power frequency and pulse conversion are 


shown in Fig. 2. 


AC Power Supply 
(100Vrms) 


Pulse Conversion 
Circuit Output 





Fig. 2 AC Power Supply and Pulse Conversion Timing 
6.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for AC power frequency 


measurement is shown in Fig. 3. 


FROMN 






- MEASURE 
POWER 
FREQUENCY 





Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 
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Table 2 Program Module Functions 


MAIN PROGRAM FRQMN | Measures AC power frequency. 


Measures AC power frequency and outputs 
FRQCNT | result (50Hz, 60Hz, or other frequencies 
outside of 45 - 65Hz) 













MEASURE POWER 
FREQUENCY 






(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of AC power frequency measure- 
ment performed by the program module in Fig. 3. 


Main Program 


pane Initializes RAM to be used in program module 
FRQCNT. 


Enables timer interrupt and sets 
prescaler dividing rate to "+32". 


a tetetettates | Enables interrupt. 


cers S bar program module FRQCNT and stores AC 
power frequency measurement result. 


Timer interrupt routine 


frequency sampling period by using timer 


Frew program module FRQTCT and counts power 
interrupts. 


INT interrupt routine 


a COUNT Calls executes program module FRQIN and 
PULSES | —j| counts number of pulses by using interrupts 
: from INT pin. 





Fig. 4 Program Module Flowchart 
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6.3 PROGRAM MODULE DESCRIPTION 


MEASURE POWER 
PROGRAM MODULE NAME FREQUENCY MCU/MPU | |HD6305X0/YO] | LABEL | [FRQCNT 


Checks whether power frequency supplied is 50Hz or 60Hz depending on pulse 


width input to INT pin. 
CHANGES IN CPU 
PECIF 
REGISTERS AND FLAGS eee 


ARGUMENTS 
 dodetincd ||L__ROM (Bytes) 
: Undefined ROM (Bytes) 


Storage Byte 
| contents | cantante | Serage Lgth. . 


RAM wee 

Entry 

Argu- 

ments 
Frequency FREQ 
measure- 
RAM) 
ae ene ( 
result 


Stack (Bytes) 
[ _pescrprion —_| 
(1) Function Details 











No. of cycles 


Interrupt 









(a) Argument details 
FREQ(RAM): Contains flag indicating 
result of frequency 
measurement. 
Table 3 shows flag @ Return FREQ b7__FREQ 
functions. argument] (RAM) 


($00) 





Fig. 5 Example of FRQCNT 
Execution 






"No. of cycles" in "SPECIFICATIONS" represents the number of 
cycles required to measure frequency of 60 Hz. 


SPECIFICATIONS NOTES 
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PROG MEASURE POWER | L 
RAM MODULE NAME FREQUENCY MCU/MPU HD6305K0/YO ABEL | |FRQCN 
DESCRIPTION | 


Table 3 Flag Functions 








Function 






Frequency is 50Hz. 








FREQ 1 Frequency is 60Hz. 


(b) Fig. 5 shows an example of program module FRQCNT execution. If power 
supply of 50Hz is measured as shown in part @ of Fig. 5, result is 
contained in FREQ(RAM) as shown in part @ of Fig. 5. 





Frequency is other than 50Hz or 60Hz. 


(c) Program module FRQCNT calls subroutines shown in Table 4. 


Table 4 Subroutines Called in FRQCNT 
subroutine name 
TIMER COUNT FRQCTC Counts sampling period of frequency 
supplied. 


COUNT PULSES FRQIN Counts number of pulses. 


(2) User Notes 






(a) Initializes timer. 
(b) Clears bit I to enable timer interrupt. 


(3) RAM Description 


Label RAM Description 
b/ b0 
CENDF Stores flag indicating end of sampling. 
CUNTER Stores counter indicating number of pulses input from 
INT pin. 
FREQ Stores frequency measurement result. 
© HITACHI 


— 676 


DESCRIPTION 


MEASURE POWER 
PROGRAM MODULE NAME FREQUENCY MCU/MPU | |HD6305X0/YO]} LABEL | |FRQCN 


(4) Sample Application 
Program module FRQCNT is called after timer is initialized and interrupt is 


enabled. 
CLR A 
STA CENDF 
STA CUNTER --Initializes RAM to be used in program module FRQCNT. 
STA FREQ 
STA TCUNT 
LDA $05 __Enables timer interrupt and sets prescaler dividing 
STA TCR } “rate to "+32", 
CLI —--Enables interrupt. 


JSR FRQCNT |---calis program module FRQCNT. 


BRSET 1,FREQ,ERR ---Branches to service routine in case of 
frequency is outside 45 - 65 Hz. 
BRSET 0,FREQ,HZ60 --—Branches to service routine in case of 60 Hz 
frequency. 


Service routine in 
case of 50Hz 


BRA USER 
Servic i 

HZ60 case OF pou te za 
BRA USER 


of outside 45 - 60Hz 


USER | User program 


i 
(5) Basic Operation 
(a) CUNTER(RAM) is used in subroutine FRQIN. 
(b) Counts pulses output from pulse conversion circuit using CUNTER (RAM). 
(c) Counts pulses during 0.8s using subroutine FRQTCT. 


(d) After having completed to count pulses, subroutine FRQTCT sets flag 
CENDF (RAM) . 


(e) Program module FRQCNT tests if counting pulses is completed by 
CENDF(RAM) flag. 

(£) When counting pulses is completed, test if content of CUNTER(RAM) is 
within range of 45  ~ 60 using subtraction instruction. 





(g) Tests whether 50Hz or 60Hz from subtraction result in (f) using sub- 
traction instruction. | 


) After testing (f) and (g), set bits 0 and 1 of FREQ(RAM) corresponding 
to each result. 


“~ 
= 9 
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MEASURE POWER 
RAM MP HD6305X0/YO! | LABEL | |FROCN 
PROGRAM MODULE NAME FREQUENCY MCU/MPU | 6305X0/ | se Froco 
FLOWCHART | 


FRQCNT 
FRQCNT 
I 8D -----| Teste if sampling is completed. 


(7,CENDF)=1 


l-Bit I | ----- | Disables interrupt. 
CUNTER)-457| ____ | Subtracts standard value "45" from 
ACCA measured value. 


(Bit C)=1 ES if measured value is less than 


45Hz. 
(Bit C)=0 


(ACCA)-10> | _____| Subtracts "10" from the measured 
ACCA value. 


Tests if measured value is less 


than 55Hz. 
(Bit C)=0 
carrer en ---- Subtract "10" from measured value. 


Tests if measured value is less 


Cit 3 k= 65Hz. 
(Bit C)=0 
[eine ~---4 Sets error flag. 


FROCT2 | 
1+0,FREQ | ~---- {sets 50/60Hz measurement flag. 
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6.4 SUBROUTINE DESCRIPTION 


SUBROUTINE NAME TIMER COUNT MCU/MPU | |HD6305X0/YO/|| LABEL | |FRQTCT 
FUNCTION | 


Counts power frequency sampling period using timer interrupt. 






BASIC OPERATION 


(1) Increments TCUNT(RAM) at every timer interrupt. 
(2) Loops step (1) until TCUNT(RAM) is "100". 


(3) Stops timer interrupt and sets count stop flag if TCUNT(RAM) is "100" or 
more. 


FLOWCHART PROGRAM MODULE USING 
THIS SUBROUTINE 


FRQTCT 


Saas | initializes TDR for next timer interrupt. 


Increments internal counter TCUNT(RAM). 
Tests if "100" or more. 


Sets count stop flag. 





Disables timer interrupt. 
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| SUBROUTINE NAME NAME | couwr uses | PULSES Mouse 11D6305x0/¥0 Lae FRQIN 


[ Function —| 


Counts number of pulses using interrupts from INT pin. 


BASIC OPERATION 


Increments CUNTER(RAM) until S$FF. 





- PLOWCHART | PROGRAM MODULE USING 
THIS SUBROUTINE 





(CUNTER)> 
ACCA 
Increments CUNTER(RAM) and tests if 


Ee eee overflow. If overflow, CUNTER(RAM) 


is not updated and return from 
subroutine. 


(Bit C)=0 


are Sonn ----- il Updates CUNTER(RAM). 
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6.5 PROGRAM 


00001 
00002 
00003 
00004 
Q000S 
00006 
00007 
00008 
Q0009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
~ 00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
O00S1 
00052 
00053 
00054 
00055 





0080 


0080 
0081 
0082 
0083 


1000 


1000 
1001 
1003 
1005 
1007 
1009 
1008 
100D 
100E 
1010 


1012 
1015 
1016 
1018 
101A 
101C 
1O1E 
1020 
1022 
1024 
1026 
1028 


LISTING 


0001 
0001 
0001 
0001 


0008 
0009 


4F 
B? 
B? 
B? 
B? 
Aé 
B? 
90 
AD 
20 


OF 
9B 
Bé 
AD 
295 
AO 
29 
AQ 
23 
12 
10 
81 


80 
81 
82 
83 
OS 
O09 


02 
FE 


80 


81 
2D 
08 
OA 
08 
OA 
02 
B2 
82 


FD 


* 


HOKOKOK RAM ALLOCATION oO OOOO OROIOOROIORIORIOOK HOOK IOK 
*K 

ORG $80 
*« 
CENDF RMB 1 zero cross check/stop flag 
CUNTER RMB 1 Frequency counter 
FREQ RMB } Frequency result 
TCUNT RMB 1 Timer counter 
* 
KKK OK SYMBOL DEFINITIONS FOO OK HOR OOO OR IO OK OK IOKOK 
*K 
TOR EQU $08 Timer data register 
TCR EQU $09 Timer control register 
FOIOR OOOO OI KOR OOIOIOKOOR OK OR IOI OK OR IOI ORO OOK OOK FOR OK KOK KOK KK IK IOK IK 
* K 
>K MAIN PROGRAM FROQMN * 
> * 


DK PK DIK DIC IK HC IK OK IC CEC IC 2K IC IC KOC DC DIC IK ICCC CK DIC IC IC OIC CK IC CHK DIK DC DIC DIC EC IK IK IC IC OIC IC IC 
*K 


ORG $1000 
* 
FROQMN CLR A Initialize RAM 

STA CENDF 

STA CUNTER 

STA FREQ 

STA TCUNT 

LDA #$S5 Initialize TCR 

STA TCR | 

CLI Enable inturrupts 

BSR FROCNT Measure power frequency 
PEND BRA PEND End of main program 
DEE IK DIK DIC IK IK CK KCK DK DIK IK DIK CK IC IK DIK CEC EC ICDC IK IC IK IK DIK EC IK EK EC IK IK IK IK DEK CC CK IC HC IC CK 
*K *K 
>» NAME FROCNT CMEASURE POWER FREQUENCY) »* 
*K *K 
DK EC I DECK IC IK KICK CIE IK CK ICC KCC EEK CK KICK CC IK ECC KCK KCC CK IK IK IK IK IK IK IC 
*K »K 
»K ENTRY NOTHING »k 
> RETURNS FREQ ¢SOHz=0, 60Hz=1,ERROR=3) * 
K >» 


DC DEK IC EC DEC IC IK CHC IC ICC IC EC IC IK CIC CCK CECE HCCI CCC ECC DIC DIC DIC DIK IK EC IC IC ICCC CIC OK CIC IK 21K 


FROCNT BRCLR 7?,CENOF,.FROCNT Timer interrupt end ? 
SET Disable interrupts 
LDA. CUNTER Test if under 45Hz 
SUB #45 
BCS FRGCT 1 Test if SOHz 
SUB #10 
BCS FROCT3 Test if 60Hz 
SUB #10 
BCS FRQCT2 
FROCT1 BSET 1.FREQ Set enor flag 
FROCT2 BSET QO. FREQ Set flag af 60Hz 
FROCT3 RTS 
DHE HC DIC EC DIC IK CK IK IC IKK IC IC KK RCI CEC HC IC ECC IC ECC IC CIC IC CCIE DIC ICICI IK IOI IC OK 2K IK KK 
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000S6 
00057 
00088 
Q00S9 
00060 
00061 
00062 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
Q0079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 


00087. 


00088 
00089 
00090 
00091 
00092 
00093 
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1029 
102B 
102D 
102F 
1031 


1032 
1034 
1036 
1038 
LO3A 
LO3C 
103E 
1040 
1042 


1FF6 


LFF6 
1FF8 
LFFA 
LFFC 
LFFE 


Bé 81 
AB O01 
25 02 
Br 81 
80 


A6 FA 
B? 08 
3C 83 
Bé 83 
Al 64 
25 04 
1€ 80 
1D 09 
80 


1000 
1032 
1029 
1000 
1000 


*« | * 
* NAME FRQIN (COUNT PULS) OK 
* * 


DIK IC DIK DIK IC IC OIC DIK IK IC IK HCC DIK DIK DIK DIK CC IC IK DIK IK IK IC IK ICC HC DIK IC ICC IK IC IC IC OEE CEC IK HC DK KCK OIC DEC OI IK 


FRQIN LDA CUNTER CUNTER+1->ACCAP 

ADD #1 

BCS FROIN1 Branch if overflow 

STA CUNTER Update CUNTER 
FRQINI RTI 
FOOOROOOIOIO OOK IO IOI OR OOOO OOK OOK I OOOIOIOIOK OKI OK OK IK KOK IOK 
K > 
as NAME : FROTCT CCOUNT TIMER) * 
> * 


DIE IC DIK DIC DIC I 2K I EC IC CK CC RCI 2 IK EC HC I EC IC AC CHOI IC IC DIC IK DIC IK DC IC CIC IC IK IC IC IK OIC IC IK ICI IC IK 2K 


FRQTCT LDA. #250 Initialize TOR 

STA TOR 

INC TCUNT TCUNT+1-> TCUNT 

LDA TCUNT 

CMP #100 TCUNT < 100 ? 

BCS FROTT1 Branch if TCUNT<100 

BSET 7,CENDF Set count stop flag 

BCLR 6,TCR Disable timer interrupt 
FRQTT1 RTI 
DIK IK DIK IK IK IK IK IK IK IC IC IK IK IK IK IC IC IK EC IK IK IC IK IK IK IC IK IK DIK IC IK DIK IK IK IC ICC IC IC IC IC IC IC IK IK IKK IK IC IC 
* >» 
K VECTOR ADDRESSES > 
> * 


DH IC I DIC DC IC DC IC IK IC IC KC DIC IC IK ICI HOOK ICI IC IOI I ICI IOC IK IOI OIC KI HO IOI OK HOOK OK OK K 2K 
si : 


ORG S1IFF6 
*K 
FDB FROMN SCI/TIMERZ 
FDB FROTCT TIMER/INT2 
FOB FROIN INT 
FOB FROQMN SWI 
FOB FROQMN RES 
Kk 
END 
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7. KEY MATRIX (8 x4) 


7.1 HARDWARE DESCRIPTION 
(1) Function 
(a) Executes key scan of 8x4 key matrix using the HD6305X0. 
(b) Key data received is converted into ASCII of ’A’- ’Z’,’1’- 76? 
(c) If two keys are depressed at the same time, data is 


invalid. 


(2) Microcomputer Applications 


(a) Executes interrupt routine every 8ms by using built-in 
15-bit timer (hereinafter, timer 2) of HD6305X0. 

(b) Executes key scan by outputting strobe signal from port C 
in interrupt routine. 

(c) Cancels key chatter using interrupt routine. 

(d) Strobe signal for key scan is controlled by switching 
input/output directions using DDR of Port C. In this 
method, ports which output no signals are input ports 
(high-impedance) therefore, diode for preventing collision 


between input and output signals is unnecessary. 








(3) Circuit Diagram 


MCU 
+5V HD6305xX0 
(HD6305Y0) 





Fig. 1 Key Scan of 8 x 4 Key Matrix 
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(4) Pin Functions 


Pin functions of. the HD6305X0 and key matrix are shown in Table 1. 


Table 1 Pin Functions 


Pin 
Pin Name Paeean Name Program 
(HD6305X0) (Key Label 
| Matrix) 


Outputs strobe signal for 
8 x 4 key matrix retrieval. 


Inputs key data of 8 x 4 
key matrix. 
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(5) Hardware Operation 


Timing chart for preventing chatter is shown in Fig. 2. 


Key input signals are sampled every 8ms. If the same key 


input signal is sampled three times consecutively, key input 


data is established. 


If the same key signal is sampled twice or less, the signal 


is canceled as chatter. 


Key input ee ||) 


Rene 
Chatter 

Rey eure @ First key data sample 
timing @ @ Q) @ Second key data sample 
Td F 8ms ! 
(Timer interrupt) ®D @ ey @ Third key data sample 

Determine ee 

key input 


Determined "ON" 


Fig. 2 Chatter Prevention Timing 
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7.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for executing key. scan of 


8 x 4 key matrix is shown in Fig. 3. 


K84MN 


KEY SCAN 





Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


Program Module Name | Label Function 


MAIN PROGRAM K84MN Converts 8 X 4 key matrix key scan data 
into ASCII. 
KEY SCAN K84SCN | Executes key scan of 8 x 4 key matrix. 
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(3) Program Module Sample Application (Main Program) 
The flowchart in Fig. 4 is an example of key scan of 8 <x 4 key 


matrix performed by the program module in Fig. 3. 
The program in Fig. 4 stores key scan data in KEYSET(RAM). 


K84MN Main Program 


K84MN 


0 > OLDKEY 
Initializes RAM used in program 


module K84SCN. 


0 > KEYONF 
0 > PCDTR | Initializes data register of port C. 
SOD > SCR 4 Sets timer 2 interrupt cycle to 8ms. 


$20 > SSR | ----- Enables timer 2 interrupt. 


O > Bit I | ----- | Enables interrupt. 


----- { Tests if key is pressed. 





(0, KEYONF)=1 


(KEYDAT )*>1X | Loads depressed key data. 
0-0 , KEYONF | Clears flag testing key press. 


EYCD-1+1xX)} __| Stores ASCII corresponding to depressed 
+KEYSET key data. 


Timer 2 Interrupt Routine 






-K84SCN 


KEY SCAN. 





| Executes program module K84SCN and 
obtains key data of 8 x 4 key matrix. 


Fig. 4 Program Module Flowchart 
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7.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME KEY SCAN MCU/MPU | |HD6305X0/YO| | LABEL | IK84SCN 
FUNCTION 







Executes key scan of 8 X 4 key matrix and stores key scan data in KEYDAT(RAM). 


satin CHANGES there SPECIFICATIONS 
REGISTERS AND FLAGS 
| @ 


: Not affected ROM (Bytes) 
ments 
Re- 
turns Esta- 
blishment 
of 
key data 























Storage 
Location 











Stack (Bytes) 


{ D key in "Circuit 













xX : Undefined 


{ : Result 
RAM (Bytes) 
No. 
DESCRIPTION 
(1) Function Details 


KEYONE | i 
(RAM) 








® Key 


depressed Diagram" is pressed. 











(a) Argument details b/ KEYDAT bO0 
KEYDAT (RAM) 
KEYDAT(RAM) : Contains key scan ($04) 
rene @ Return KEYONF 
KEYONF (RAM) : Contains program arguments] yeyonF(RAM) | 
module K84SCN ONF ( 
completion status. ($01) 
KEYONF(RAM)=1 : Indicates that 
key scan data Fig. 5 Example of K84SCN 
is stored in Execution 







KEYDAT (RAM) . 





| SPECIFICATIONS NOTES 


| "No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
} until key data is valid. 
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PROGRAM MODULE NAME KEY SCAN MCU/MPU | |HD6305X0/YO0} | LABEL | |K84SC 
DESCRIPTION 


KEYONF(RAM)=0 : Indicates that key scan data is not stored in 


KEYDAT (RAM) . 

(b) Fig. 5 shows an example of program module K84SCN execution. If key in 
part @ of Fig. 5 is depressed, key scan data is contained in 
KEYDAT(RAM) as shown in part @ of Fig. 5. 

(c) Program module K84SCN calls neither program modules nor subroutines. 

(2) User Notes 
(a) Initializes timer 2. 


(b) Clears bit I and enables interrupt. 


(3) RAM Description 


(4) 


Label RAM Description 
b/7 b0 
OLDKEY } Stores previous key input data. 
NEWKEY \ Stores present key input data. 
STBDAT } Stores data for strobe signal output. 
KEYNUM } Stores key number. 
TOTLKY \ pases total number of depressed key during present 
ey scan. 
KEY ONF } tones flag indicating key being defined during 
7 ey scan. 
KEYDAT } Stores defined key number by key scan. 
SCOUNT } Stores counter for retrieving depressed key among 
key input data. 
CHATFL } Bit 3-0; Stores counter for counting number of key 


scan data comparison. 
Stores flag for indicating whether chatter 
elimination has been completed. 


Bit 7 ; 


Sample Application 


Program module K84SCN is called every 8ms after initializing timer 2 and 
enabling interrupt. 


| 
CLR OLDKEY 
CLR KEYONF } ~-— Clears RAM to be used. 
CLR PCDTR ---Initializes port C. 
LDA #S0D 
A 
co 1520 --—-Sets timer 2 interrupt cycle to 8ms, and 
STA SSR enables timer 2 interrupt. 
CLI —-—-Enables interrupt. 
ao BRCLR 0O,KEYONF,LOOP---Tests key press. , 
LDA KEY DAT 
STA KEYSET }---stores key scan data in RAM. 
BCLR O,KEYONF ----Clears key press flag. 
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(5) Basic Operation. 


(a) Executes key scan with every 8ms timer interrupt. Checks key scan 
execution flag (KEYONF(RAM)) at the beginning of key scan, and decides 
whether present key scan data will be executed or not. 


(b) Outputs strobe signal from bit 3 to 0 of port C one by one, and fetches 
key press data from port G. 


(c) Tests if key scan data loaded into (b) is $FF. 


(i) $FF key scan data means that key of the column supplying current 
strobe signal was not depressed. Key scan for next column is started. 


(ii) Key scan data other than S$FF means key of the column supplying current 
strobe signal is depressed. Test which row is pressed. 


® Tests if bit C is 1 or 0 by shifting ACCA content where key scan 
data is stored, by 1 bit to right 8 times. In case of bit C is 0, 
the key was depressed. 


@ To test double keys depressed, if key scan data includes 0, TOTLKY (RAM) 
is incremented. In case of TOTLKY=1, KEYNUM(RAM) content is stored 
in NEWKEY(RAM). In case of TOTLKY>1, double keys were depressed and 
return from program -module is performed. 


(d) Compares key data (NEWKEY(RAM)) detected in (c) with previous key data 
(OLDKEY(RAM)). If they are the same, counts-up lower 4 bits of chatter 
counter CHATFL(RAM). When the counter indicates "3", the key is defined. 
This is indicated by setting MSB of chatter cancel flag CHATFL(RAM) to 
se! aoe The CHATFL(RAM) indicates both counter and flag. The chatter 
cancel flag is cleared when NEWKEY(RAM) and OLDKEY(RAM) data are 
different, and when no key is depressed. 
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FLOWCHART 


PROGRAM MODULE NAME KEY SCAN MCU /MPU HD6305X0/YO]} LABEL | |K84SC 


K84SCN 


K84SCN 
0*6,SSR 


(0 ,KEYONF)=1 


9 


Clears interrupt request bit of 
timer 2. 


Tests if key scan data is processed 
in main program. 


(0,KEYONF)=0 


$08*STBDAT 


$01>KEYNUM 


O->TOTLKY 


O->NEWKEY 


Ld 
TBD 


Ko 


e 


T)> 
PCDDR 


wn 
> 


PGDTR)*ACCA 


GN ee Cones 
c ( A 


(ACCA) =SFF 


KEYNUM) +8 
>KEYNUM 





Stores data for strobe signal. 


Initializes RAM indicating the number 
of depressed key. 


---] Initializes RAM indicating key number. 


a Initializes RAM storing newly-depressed 
key number. 


Outputs strobe signal. 


----- | hoads key input data. 


____| Tests if key in column, which outputs 
present strobe signal, is depressed. 


the first key number of next column 
in KEYNUM(RAM) to output strobe 
signal for next column. 


E the key is not depressed, stores 
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PROGRAM MODULE NAME 


~ FLOWCHART 


K84SN2 
8>SCOUNT 


K84SN3 


Shift-(ACCA) 
1 bit right 









(Bit C)=1 


y 


(Bit C)=0 
TOTLKY )+1 
>TOTLKY 







OE 


(TOTLKY) <2 


_ (KEYNUM) 
>NEWKEY 


K84SN4 
KEYNUM) +1 
*KEYNUM 


SCOUNT) -1 
>SCOUNT 


(S 
Xi 0 


y 


Shif t(STBDAT} 
bit right| 


(STBDAT) #0 
<(STBDAT) = 


(STBDAT)=0 


ON 


___| Stores shift counter to check what 
key is depressed among 8 bits. 


---| shifts key input data 1 bit right. 


Tests if key is depressed. 


same time. 


3 if 2 keys are depressed at the 


___| Stores depressed key number in 
NEWKEY (RAM) . 


Increments RAM indicating key number. 


---| Decrenents shift counter. 


| tesce if one row key scan is completed. 


Shift strobe signal data 1 bit right 
to execute key scan for next column. 


___| Tests if all column key scan is 
completed. 
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PROGRAM MODULE NAME KEY SCAN MCU/MPU | |HD6305X0/Y0{} LABEL | [K84SCN 
FLOWCHART 


(NEWKEY ) = (OLDKEY) oo” _ 


K84SN6/ (NEWKEY 
(NEWKEY )> #(OLDKEY) | t¢ present key input data and previous 
OLDKEY data are different, stores NEWKEY (RAM) 
contents in OLDKEY (RAM), and clears 


RAM indicating the number of key scan 
$00°>CHATFL 


Tests if present key input data is 0. 


=] 


Compares present key input data with 
previous key input data. 


es 







and continuous key press. 








K84SN7 
C( 


(7 ,CHATFL)=1 


Tests if key is continuously pressed. 


4 


(7 ,CHATFL)=0 


SOFA(CHATFL) 
> ACCA 


( 


Compares the number of chatter 
(CHATFL(RAM)) with constant number. 
If they are the same, determines as 


ACCA) #CMPNUM key press and fetches key data. 








-——_+—_, 


(ACCA) =CMPNUM 


(CHATFL) +1 
*>CHATFL 


Increments the number of chatter. 


ar 


K84SN8 


1>7 , CHATFL 
(NEWKEY ) 
*KEYDAT 


1>0 ,KEYONF 
G cart 


RTI 


e Sets flag indicating the termination 
of chatter prevention. 


Stores depressed key data in RAM for 
processing with main program. 





Sets flag indicating depressed key 
data being defined. 


4 
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7.4 


SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


7.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
00005 
00006 
0000? 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
0001? 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
0004S 
00046 
00047 
00048 
00049 
000S0 
00051 
00082 
00053 
00054 
0005S 


694 


0080 


0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 


1000 


1000 
1001 
1003 
1005S 
1007 
1009 
1008 
1000 
100F 
1010 
1013 
1015 
101? 
101A 
LOIC 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


0002. 
0006 
0007 
O00D 
0010 
0011 

0003 


GF 
B? 
B7 
B? 
Aé 
B7 
A6 
B7 
oA 
O01 
BE 
11 
D6 
B? 
20 


84 
02 
OD 
10 


11 
84 
85 
84 


80 
FE 


81 


FD 


1083 


* 


KOKOK OK RAM ALLOCATION FOO ORO OK OK KOOROK OK OK IOKOK 
*K 

ORG $80 
* 
KEYSET RMB 1 ASCII data 
OLDKEY RMB 1 Old key data 
NEWKEY RMB 1 New key data 
CHATFL RMB 1 Chatter counter and flag 
KEYONF RMB 1 Key on flag 
KEYDAT RMB 1 Key data 
TOTLKY RMB 1 Total Key number 
KEYNUM RMB 1 Key number 
STBDAT RMB 1 Strobe data 
SCOUNT RMB it Sift counter 
* 
OK HOOK SYMBOL DEFINITION FOO OOOO OOOO OOK OK HOK KOK IK 
*«K 
PCOTR EQU $02 Port C data direction register 
PCDOR EQU $06 Port C data register 
PGDDR EQU $07 Port G data direction register 
PGDTR EQU $00 Port G data register 
SCR EQU $10 SCI control register 
SSR EQU $11 SCI status register 
CMPNUM EQU $03 Chatter number 
ORO OOOO OOOO OK HOI IO OIOK OK OOOO OKOFOR HOROOROK HOOK OOK OIOK OK OOK 
*« *K 
* MAIN PROGRAM KE4MN * 
*K * 


HOR OK OK KOK OK OK OIOK HOR OK ROK OK KOK OK OK OK OOK OROI OK HOR OIOIOR HOK FORO OK HOR OHO OIOIOIOK IC OK 
*K 


ORG $1000 
* 
K84MN CLR A Initialize RAM 

STA OLDKEY 

STA KEYONF 

STA PCOTR Initialize port C 

LDA HSOD Initialize SCR 

STA SCR 

LDA H$20 Initialize SSR 

STA SSR 

CLI Enable interrupt 
K84MN1 BRCLR O.KEYONF.K84MNI1 Test if Key on ? 

LOX KEYDAT Load Key data 

BCLR O.KEYONF Clear key on flag 

LDA KEYCD-1,.X Store ASCII correspond to 

STA KEYSET Key data 
PEND BRA PEND End of program 
SHE HK HE DIC oH a8 HC OK EC IK IE ECC KC IK EC EE HOE CG RC IHC KICK IK IC IEC IC IC ECHOICE IK 2K 
* o*K 
>» NAME K84SCN CKEY SCAN) « 
* * 
HEHE ICI CIC IH IC HORII OHO IOI OK ICICI KIC IOIOHIOIOHIOH HOOK HCHO HO HOC IC IK 
* *K 
> NTRY NOTHING * 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
Q0075 
00076 
O007? 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 


10O1E 
1020 
1023 
1025 
1027 
1029 
102B 
102D 
102F 
1031 
1033 
1035 
1037 
1039 
1038 
103D 
103F 
1041 
1043 
1045 
1046 
1048 
104A 
104C 
104E 
1050 
10S2 
1054 
1056 
1058 
10SA 
10SC 
10SE 
1060 
1062 
1064 
1066 
1068 
106A 
106C 
106F 
1071 
1073 
107S 
107? 
1079 
107B 
107D 
1O7F 
1081 
1083 





10 
00 
A6 
B? 
A6 
B? 
3F 
3F 
Bé 
B? 
Bé 
Al 
26 
A6é 
BB 
B? 
20 
AE 
BF 
47 
29 
3C 
BE 
A3% 
25 
BE 
BF 
SC 
3A 
26 
37 
26 
Bé 
20 
Bl 
20 
B? 
3F 
20 
OE 
AS6 
B4 
Bl 
2? 
3C 
20 
1€ 
Bé 
B? 
10 
80 


11 
84 
08 
88 
01 
87 
86 
82 
88 
06 
OD 
FF 
08 
08 
87 
87 
19 
08 
89 


OC 
86 
86 
01 
33 
87 
82 
87 
89 
EB 
88 
Dl 
82 
04 
81 
06 
B1 
83 


1? 


83 
OF 
83 
03 
04 
83 
08 
83 
82 
8S 
84 


60 


14 


* RETURNS 


*K 
* 


> KEYDAT CKEY DATA) 


KEYONF CESTAFLISHMENT OF KEY OND x 


*K 


ROIOK HOR IOI OK HOR IOI OIOIOIOIOK IOHOK HOCH ICI IOI CC IC IK IC COI IC ICI ICICI IC IK ICI 2K 


K84SCN 


K8B4SN1 


K84SN2 
K84SN3 


K84SN4 


K84SNS 


KB4SN6 


K8B4SN7 


KB4SN8 


K84SN9 


BCLR 
BRSET 
LDA 
STA 
LDA 
STA 
CLR 
CLR 
LDA 
STA 
LDA 
CMP 
BNE 
LDA 
ADD 
STA 
BRA 
LOX 
STX 
ASR 
BCS 
INC 
LOX 
CPX 
BCS 
LOX 
STX 
INC 
DEC 
BNE 
ASR 
BNE 
LDA 
BEO 
CMP 
BEG 
STA 
CLR 
BRA 
BRSET 
LDA 
AND 
CMP 
BEG 
INC 
BRA 
BSET 
LDA 
STA 
BSET 
RTI 





6.SSR Clear interrupt request flag 
O.KEYONF.K84SN9 Test if Key on flag=1 7 
#$08 Initialize strobe data 
STBDAT 
#$01 Initialize Key number 
KEYNUM 
TOTLKY Initialize total Key 
NEWKEY Initialize new Key 
STBDAT Output strobe 
PCOOR 
PGOTR load Key data 
H#SFF Test if Key on 7? 
K84SN2 Branch if Key on 
#8 Store next Key number 
KEYNUM 
KEYNUM 
KB4SNS 
#8 Store sitt counter 
SCOUNT 
~ Test if Key on 
KB4SN4 Branch if not Key on 
TOTLKY Increment total Key 
TOTLKY Test if 2 Key on 
#1 
KB4SN9 Branch if 2 Key on 
KEYNUM Store Key data in new Key 
NEWKEY 
KEYNUM Increment Key number 
SCOUNT Decrement sift counter 
K84SN3 Test if sift 8 bits 
STBDAT Output next strobe 
K84SN1 Test if all scan is compleated 
NEWKEY Test if new Key=07 
KB4SN6 Branch if new key is O 
OLDKEY New key = old Key 7 
KB4SN7 Branch if equal 
OLDKEY Store new Key in old Key 
CHATFL Clear chatter counter 
KB4SN9 
7, CHATFL,K84¢SN9 Test chatter end flag 
#SOF Check chatter number 
CHATFL 
CMPNUM 
K84SN8 Branch if chatter number=3 
CHATFL Increment chatter counter 
K8B4SN9 
7,CHATFL Set chatter end flag 
NEWKEY Store new Key in Key data 
KEYDAT 
O.KEYONF Set Key on flag 
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00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 


696 


1084 
108C 
1094 
109C 


1FF6 


1FF6é 
1FF8 
1FFA 
1FFC 
1FFE 


41 
49 
a 
S59 


101E 
1000 
1000 
1000 
1000 


DK DK IK DI IK DK IC CK IK IK CIC IC IK CK IC IK IC CCIE IK EK IC CIC EC EC OK IK DIK IC I DI IK 2K DIC IK ICC 2K IC IK 2K OK 2K 


*K . * 
KO DATA TABLE | »* 
S | >K 
DK IK HK DIK IC IK IK IK IK IK IC IK IC IK IK KK IK IK DC IC IK IC IK IK KIC IK CI DIK IK IK DIC IC IKK IK IC 2K IC IC IK IC IKK KCK 
KEYCD FCC "ABCDEFGH" 

FCC “TJIKLMNOP" 

FCC "QRSTUVWX"' 

FEC "Y¥2123456" 
DH DK DIC IK DC IK IK CIC IK CACO DICK DEC IC IC IK IC IC KC OK IK IK ICICI CK ICICI COOK AC IKK ICC IKI COI 0K IK 
K *K 
*« VECTOR ADDRESSES * 
* *« 


OOOO OOOO OR HIOR OK OOOO OOOO OR IORI OR IO IKK OK 
K 


ORG SIFF6 
*K 
FDB K84SCN SCI/TIMER2 
FOB K84MN INT2 
FOB K84MN INT 
FDB K84MN SWI 
FDB K84¢MN RES 
* 
END 
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8. FLUORESCENT DISPLAY CONTROL 


8.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Displays on 8-segment X 8-digit fluorescent display tube 
using the HD6305X0. 


(b) Controls fluorescent display tube by dynamic drive. 
(2) Microcomputer Applications 


(a) Executes interrupt routine every lms using a 15-bit timer 
contained in the HD6305X0 (hereinafter, timer 2). 
(b) Drives fluorescent display tube by supplying segment 


signal from port A and digit signal from port C in 
interrupt routine. 
(3) Circuit Diagram 
MCU 


HD6305X0 
(HD6305Y0) 





Fig. 1 Control for 8-segment x 8-digit Fluorescent Display Tube 
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(4) Pin Functions 
Pin functions at the interface between the HD6305X0 and 
fluorescent display tube are shown in Table 1. 


Table 1 Pin Functions 


Pin Name 
Pin Name (Fluores- 


(HD6305X0) Function cent 


display) 
| 8-segment X 8-digit 
—— fluorescent display tube. 


Low Outputs segment signal of 
8-segment < 8-digit 
fluorescent display tube 
pins "a" to "h" are 


connected to segments as 
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(5) Hardware Operation 


Fluorescent display tube timing at frame frequency 122Hz, 


duty 1/8 is shown in Fig. 2. 


Segment signal 





C7 C6 Ch Ca C3 CQ Cy CQ 
Digit signal 


Digit 109 on 
Co 


Digit 101 on 






Cy 


Digit 106 on 





l6us 





C6 
C7 


AgvA7 Digit 106¥ 10/ 
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8.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


Program module configuration for display on 8-segmentx8-digit 


fluorescent display tube is shown in Fig. 3. 


FLMN 


MAIN PROGRAM 















DRIVE 
FLUORESCENT 
DISPLAY TUBE 


STORE 
DISPLAY 
DATA 










Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


M f= XQ e ‘ 
po MAIN PROGRAM FLMN Demonstrates display on 8-segmentx8-digit 


fluorescent display tube. 
FLDSP 
























DRIVE FLUORESCENT 
DISPLAY TUBE 


Drives 8-segmentx8-digit fluorescent 
display tube for display. 











Stores display data in display RAM. 
See subroutine MOVE in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for details. 






STORE DISPLAY DATA 
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(3) 


Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of a fluorescent display 
using the program module in Fig. 3. The program in Fig. 4 


demonstrates the fluorescent display shown in Fig. 5. 


FLMN Main Program 
FLMN 


SFE > DECD| ------ { tnitializes data for digit output. 
$7 > DSCNTR] ------ { initdalizes counter for digit output. 
SFF + PADDR 


---=-- Selects port A and port C as output. 


See subroutine MOVE in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for 
details. 


SFF + PCDDE 
Selects bit 6-7 of port C as I/O ports 
90A + SCR | ------ + ond sets clock width. 
$2F > SSR } ------ | Enables timer 2 interrupt. 
QO > Bit I] ------ { Enables interrupt. 
$11 > SOA 
$00 + SOAt1L Calls subroutine MOVE and transfers 
display data from data table to RAM 
SEGD > DEA] ------ where display data is stored. 


8 > MCNT 


| MOVE | 





Timer 2 Interrupt Routine 
FLDSP 
DRIVE Displays digit and segment on 
SORE CEN RE ae a display tube. 





Fig. 4 Program Module Flowchart 





Fig. 5 Fluorescent Display Example 
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8.3 PROGRAM MODULE DESCRIPTION 


DRIVE 
cee uaMtiie RARE ee ee MCU/MPU | |HD6305X0/YOI | LABEL | |FLDSP 
FUNCTION 


Displays on 8-segment <x 8-digit fluorescent display tube. 


nb lainca oe CHANGES IN CPU 
REGISTERS AND FLAGS SPECIFICATIONS 
e 


penreres a 
x : Undefined ROM (Bytes) 


¢ : Result 
RAM (Bytes) 


35 
43 


























Storage Byte 
Location | Lgth. 


Entry Display SEGD 
data (RAM) 
Argu- 
ments 
Re- 
turns 


| DESCRIPTION 


(1) Function Details 












Stack (Bytes) 
No. of cycles | 






Interrupt 









| @ Entry argument 
(a) Argument details Display data 
SEGD(RAM) : Holds display data _ (76543210) 
for each digit. 












(b) Fig-5 shows an example of program 
module FLDSP execution. If entry 













argument is held as shown in part Fluorescent displa 
@ of Fig. 6, fluorescent dis- : 
plays as shown in part @ of @ snl 


Fig. 6. 


SPECIFICATIONS NOTES 






Fig. 6 Example of FLDSP Execution 






"No. of cycles" in "SPECIFICATIONS" represents the number 
of cycles required to display 1 digit. 
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DRIVE i ae 
| PROGRAM MODULE NAME. MODULE NAME i ae TUBE | cu/MPu MPU | | HD6305X0/YO '06305x0/0|| taser | PLoS | FLDSP 


[_escererion _ 


(c) Table 3 shows relation between display data and actual display. 


Table 3 Display Data and 
Corresponding Display 


Display | Display | Display | Display 
Data Data 





(d) Program module FLDSP calls neither program modules nor subroutines. 
(2) User Notes 

(a) Reserves data shown in Table 3 as data table. 

(b) Selects DDRs of port A and port C as output. 

(c) Initializes timer 2. 

(d) Clears bit I to enable timer 2 interrupt. 
(3) RAM Description 


Label RAM Description 





SEGD 
Stores 8-digit display data shown in 
Table 3. 
Stores counter indicating digit to be 
DSCNTR{ displayed. 
DECD Stores data indicating digit turned on. 
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/ ProcraM monte name |] DRIVE FLUORESCENT 1) cu/ppy | fup6305x0/v0|| LABEL. ass | rus 


[ _pescrrprion | 


(4) Sample Application 


Program module FLDSP is executed every lms after clearing bit I, initializ- 
ing digit output data, counter, port and timer 2. Fluorescent displays 
when display data is stored in display RAM. 


| 

LDA #SFE } ae 
STA DECD 7 
LDA #$07 } 

STA DSCNTR 
LDA #SFF 


Initializes digit output data. 


-——-—- Initializes digit output counter. 


STA PADDR }- — —-- Selects ports A and C as output. 
STA PCDDR 


LDA #S0A } -—---- Sets interval of timer 2 interrupt to Ims. 


STA SCR 
LDA #$2F Sete oye Enables timer 2 interrupt. 
STA SSR 
CLI =§ -=--—-—-- Enables interrupt. 
LDA #$11 
STA SOA 
LDA #$00 
STA SOA+1 |_—-—-~W- Calls subroutine MOVE and transfers display 
LDA #SEGD data from data table to SEGD(RAM) where display 
STA DEA | data is stored. 
LDA #$08 
STA MCNT 
JSR MOVE 
, 
I 
ORG $1100 


FCB SF8, $82, $92, $99, SBO, SA4, SE9, SCO ------—- Display data 
(5) Basic Operation 


(a) Previous digit display is turned off and next digit is eeepeayed every 
timer interrupt. 


(b) DSCNTR(RAM) is used as counter for display digits and pointer for display 
data and digit data. 


(c) Outputs display data and digit data to port using index addressing mode. 


(d) Decrements counter for display digits and pointer for digit data. 
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PROGRAM MODULE NAME |] Dreoray tune MCU/MPU | {HD6305X0/Y0| | LABEL | |FLDSP 
FLOWCHART 


FLDSP 


FLDSP 
OF Gs 55K Saas | Clears interrupt request bit of timer 2. 
ee Turns off display for constant period 
aioe ee time one digit is displayed. 


(DSCNTR)*1IX ---- Loads pointer indicating display data. 
(SEGD+IX ))} ______ Outputs display data into port A 
>PADTR Boe = 
DECD ‘ i 
nee ~---- { outputs digit signal to port C. 


DSCNTR)-1l | __.___ Decrements counter indicating display 
> DSCNTR digit. 


(7 ,DECD)=0 
ae Tests if all 8 digits are displayed. 







Initializes data for next display 


Rotate (DECD) oe el 


1 bit left 


FLDSP1 


SFE*DECD 
7>DSCNTR 


------ | Initializes data for display output. 


esis Initializes counter indicating 
display digit. 


FLDSP2 
RTI 
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8.4 SUBROUTINE DESCRIPTION 
This application example calls no subroutines. 


8.5 PROGRAM LISTING 


00001 a 
00002 OKOKOK RAM ALLOCATION FROIOIOOIOROI OOK OK OK OK IO IO OK OK IK KOK 
00003 * | 
00004 0080 ORG $80 
00005 * 
00006 0080 0008 SEGD RMB 8 Display data 
00007 0088 0001 © OSCNTR RMB 1 Digit counter 
00008 0089 0001 DECD RMB 1 Digit data 
00009 008A 0002 SOA RMB 2 Source address 
00010 008C 0001 DEA RMB 1 Destination address 
00011 OO08D 0001 MCNT RMB l Transfer counter 
00012 OO8E 0004 MSUB RMB q Work area for subroutine 
00013 0092 0001 SPNT RMB 1 Relative data of source address 
00014 *« 
0001S HOKOK IK SYMBOL DEFINITIONS FORO OOK OK IOIOK OK 
00016 x 
00017 0000 PADTR EQU $00 Port A data register 
00018 0002 PCDOTR EQU $02 Port C data register 
00019 0004 PADDR EQU $04 Port A data direction register 
00020 0006 PCDDR EQU $06 Port C data direction register 
00021 0010 SCR EQU $10 SCI control register 
00022 0011 SSR EQU $11 SCI status register 
00023 DK AC KK DK IK IKK DK IK DIK IK IC IC IK IK CK IC IC IK I I ICI ICC IC IK KC IK IK 2G I IK IK OK KC KIC IK OK IK I IK ICICI 
00024 *« 2 
0002S >»K MAIN PROGRAM : FLMN > 
00026 * > 
00028 > 
00029 1000 ORG $1000 
00030 > 
00031 1000 A6 FE FLMN LDA HSFE Initialize digit data 
00032 1002 B7? 89 STA DECD 
00033 1004 A6 O07 LDA #7? Initialize digit counter 
00034 1006 B? 88 STA DSCNTR 
00035 1008 A6 FF LDA HSFF 
00036 100A B? 04 STA PADDR Select port A as output 
00037 100C B7 06 STA PCDOR Select port C as output 
00038 100E A6 OA LDA #SOA Initialize SCR 
00039 1010 B7 10 STA SCR 
00040 1012 A6 2F LDA HS2F Initialize SSR 
00041 1014 B7 11 STA SSR 
00042 1016 9A | CLI | Enable interrupts 
00043 1017 A6 11 LDA H#$11 Stores source start address 
00044 1019 B? BA STA SOA into entry argument 
00045 1018 A6 OD LDA ~#S$00 
00046 1010 B7 8B STA SOA+1 
00047 101F A6 80 LDA HSEGD Stores destinatio start address 
00048 1021 B7 8C STA DEA into entry argument 
00049 1023 A6 08 LDA #8 Stores Length of byte to be 
O00SO 1025S B7 8D STA MCNT moved into entry argument 
00051 1027 AD 25 BSR MOVE Move Segment data 
00052 1029 20 FE PEND BRA PEND End of main program 
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00054 


BORO OIOR IO OOK HOR OK OOOO OI OI OK IOI OK IOI OIOK OK OK OK IK OK OK KOK OK 





0005S * « 

00056 * NAME FLOSP CDRIVE FLOURSCENT DISPLAY * 

00057 *« TUBE > as 

00058 x * 

00059 OOOO IORI IO OOK OK OR FOR HOR FOR ORO OHOK OK OK KOK 

00060 * a 

00061 > ENTRY DEGD «DISPLAY DATA) mY 

00062 * RETURNS NOTHING > 

00063 * * 

00064 OOORIORIOIOK OIRO IO IOR IOI IOROKOKOIOKOKOOIOROOK OOK HOR IORI OOK OK 

0006S 102B 10 11 FLOSP BCLR 6.SSR Clear interrupt request flag 

00066 102D A6 FF LDA HSFF Turn off display 

00067 102F B? 02 STA PCOTR 

00068 1031 BE 88 LOX OSCNTR Load digit counter 

00069 1033 E6 80 LDA SEGD. X Output display data 

00070 1035 B7? O00 STA PADTR 

00071 1037 Bé 89 LDA DECO Output digit data 

00072 1039 B? 02 STA PCOTR 

00073 1038 3A 88 DEC DSCNTR Decrement digit counter 

00074 1030 OF 89 OS BRCLR 7.DECD.FLOSP1 Oisplay 8-digit ? 

0007S 1040 99 SEC Store next digit data 

00076 1041 39 89 ROL DECD 

00077? 1043 20 O08 BRA FLOSP2 

00078 1045 A6 FE FLOSP1 LDA H#SFE Initialize digit data 

00079 1047 B? 89 STA DECD 

00080 1049 A6 07 LDA #7 Initialize digit counter 

00081 104B B7 88 STA OSCNTR 

00082 104D 80 FLDSP2 RTI 

00083 FOI ORI OOOIOI OOOO IO HOO IOI OOOO HOR OR OR OOO OK OOK IOKOK OOK 

00084 * *« 

00085 Ok NAME MOVE (MOVING MEMORY BLOCKS) »K 

00086 x * 

00087 OOIOROOIOIOROOOIOOIOOR ICO IO IOI OR OK OOOO IOI OK OK KOK HOKOK 2K 

00088 K 1 

00089 »K ENTRY SOA CSOURCE ADDR) 1K 

00090 > DEA <DESTINATION ADDR) a 

00091 * MCNT ¢(CTRNSFER COUNTER) > 

00092 * RETURNS NOTHING * 

00093 x : * 

00094 FOR OOOO OI OO OOOO OR OK OOOO OK OI OOK FOR ROK OK IOI KOK IK HOK IOK 

0009S 104E A6 D6 MOVE LDA #$SD6 

00096 1050 B? 8E STA MSUB Store instruction code (LDA 

00097 1052 Bé BA LDA SOA Disp.X) 

00098 1054 87 8F STA MSUB+1 Store source ADDR CH) 

00099 1056 Bé6é 8B LDA SOA+1 

00100 1058 B7? 90 STA MSUB+2 Store source ADOR (L) 

00101 105A Aé6 81 LDA #$81 

00102 10SC B? 91 STA MSUB+3 Store instruction code (RTS) 

00103 10SE 3F 92 CLR SPNT Clear relative data of source ADDR 

00104 1060 BE 92 MOVE1 LOX SPNT Load relative data of source ApOR 

0010S 1062 BD 8E JSR MSUB Load transfer data 

00106 1064 BE 8C LOX DEA Destination ADDR 

00107 1066 F7? STA O.X Store transfer data 

00108 1067 3C 8C INC DEA Increment destination ADDR 
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00109 1069 3C 92 INC SPNT Increment relative data of 
source ADOR 

00110 1068 3A 8D DEC MCNT Decrement transfer counter 
00111 106D 26 Fil BNE MOVE 1 Branch until transfer counter=0 
00112 106F 81 RTS 
00113 FOO OOOO OOOO OK OOOO OK OK OK OOK ORO IOI KIO OKO OK KOK KOK 
00114 > > 
00115 * DATA TABLE * 
00116 * > 
00117 OOO OROIOK OOK OIRO OOK IOI OK OI OR IK KOK IO I HORI HOH OK 1 21 I 2K KOK KOCK aK 
00118 x 
00119 1100 ORG $1100 
00120 as 
00121 1100 F8& FCB $F8,$82,$92,.$99,$B0, $A4, $E9, $CO0 
00122 HOOK IOI OOOO OIRO OK HOROIOI OK OK OK OI KOK IAI I IOI CK IKK IK HOOK HOOK ICO 
00123 > se 
00124 K VECTOR ADDRESSES *K 
0012S *« . 
00126 FOO IO OOO OOOO OR FORO IOI OK OR OR OO OK HOR IO IO OK IO KOK OK 
00127 *« 
00128 1FF6 ORG S1LFFS 
00129 « 
00130 1FF6 102B FOB FLOSP SCI/TIMER2 
00131 1FF8 1000 FOB FLMN TIMER/INT2 
00132 1FFA 1000 FOB FLMN INT 
00133 1IFFC 1000 FOB FLMN SWI 
00134 1FFE 1000 FOB FLMN RES 
00135 * 
00136 END 
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9. STEPPING MOTOR CONTROL 


9.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Drives stepping motor using the HD6305X0. 

(b) Uses 4-phase 2 exciting stepping motor. 

(c) 1 to 255 steps can be selected. 

(d) Controls slue pulse rate (slow-up, operating and slow-down) 
when 12 steps or more are selected. 

(e) Selects clockwise (normal) slue and counterclockwise 
(reverse) slue with stepping motor. Operates backlash 
when reverse slue is selected. 


(2) Microcomputer Applications 


(a) Executes interrupt routine using 8-bit timer with 
7-bit prescaler contained in the HD6305xXC 
(hereinafter, timer). 

(b) Drives stepping motor by outputting pulses from port B 
by interrupt routine. 

(c) Generates slow-up and slow-down pulse rate by changing 


TDR value. 


(3) Circuit Diagram 


MCU 
HD6305X0 
—45y _(HD6305y0) +12V 





Stepping 


1SS172x4 
Motor 





Fig. 1 Stepping Motor Control 
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(4) Pin Functions 


Pin functions at the interface between the HD6305X0 


and stepping motor are shown in Table l. 


Table 1 Pin Functions 


a Pin Name | Program 
(HD6305X0) ° | Function 


(Motor) Label 


Connects stepping motor. 





(5) Hardware Operation 


The stepping motor supplies pulses at the HD6305X0 I/O port as 
shown in Fig. 2. 


At initialization 


Reverse slue f Normal slue Vcc 
Step Count 4 3 2 1 0 1 2 3 4 Bs 
ft 4 A 
| 
et ee le R 
A(B5) | B3 


Vcc 
roy — SL L_JL_S hon 


tay) —SOCL SSCL LS $L BoB 


(2 exciting type) 


> 
“~ 

to 
lo 
~~ 


Fig. 2 Outline of Stepping Motor Operation 
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Slow-up and slow-down pulse rate are supplied to the 


stepping motor every four steps as shown in Fig. 3. 





| starts slue 


(a) 


(b) 


(c) 


(d) 





Slow-up pulse rate area 


Operating pulse Slow-down pulse 
rate area rate area 














Stops slue 


Fig. 3 Outputs to the Stepping Motor 


The pulse rate changes every 4 steps for slow-up and 
slow-down. 

In case of slow-up area to the operating pulse area, the 
pulse rate changes in 21 steps to gradually increase the 
slue speed. 

In case of slow-down area to stop, the pulse rate changes 
in 7 steps to gradually reduce the slue speed. 

When reverse slue is selected, an additional one-step 
rotation, followed by a normal one-step rotation, is 


executed. 
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9.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for stepping motor control 


is shown in Fig. 4. 


DATA STEPPING 
MOTOR OUTPUT 





F 


Fig. 4 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


MAIN PROGRAM ) SMM Rotates stepping motor. 


Calculates output data for slow-up, 
1 | PROCESS DATA SMCLC | operating, slow-down and backlash by 
supplying total step count. | 
9 GENERATE STEPPING SMREV Supplies pulses to the stepping motor. 
MOTOR OUTPUT 
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(3) Program Module Sample Application (Main program) 


The flowchart in Fig. 5 is an example of the stepping motor rotation 
performed by the program module in Fig. 4. When the program module 


of Fig. 5 is executed, the stepping motor makes 201 reverse 


slue, then one normal slue. 


Main Program 


SMMN 

Initializes each pin of the stepping 
motor. PBSM is the RAM for loading 
(ACCA)*PBSM| ----- data which is supplied to the stepping 


motor at port B at the beginning of 
(ACCA)*PBDTR each timer interrupt routine. 


$3C>PBDDR -----| selects port B as output. 


O-SMSF,FLG1 -----| Initializes stepping motor start flag. 


Specifies timing for output to the 


stepping motor in TDR. TDRD(RAM) is the 
nee -| RAM for loading the timer value to 

TDR at the beginning of the timer 
interrupt routine. 


4 + TCR | ----- | spectties prescaler dividing rate 16. 
O > Bit I] ----- | enables interrupt. 


0+FRFLG, FLG: ----- { Stores reverse slue data in entry argument. 


200 > STEP] ----- | stores 200-step data in entry argument. 


Determines values for processing of 

} sveuc | Sores slow-up, operating, and slow-down, 
respectively, from the supplied step 
count. 





Timer Interrupt Routine 


GENERATE 


STEPPING | outputs to stepping motor. 
MOTOROUTPUT, 





Fig. 5 Program Module Flowchart 
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9.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME PROCESS DATA MCU/MPU | |HD6305X0/YO| | LABEL | |SMCLC 
FUNCTION 


Generates data for outputting to the stepping motor by the timer routine. 
Sets data for slow-up, operating and slow-down after determining the 
backlash requirement. 


ARGUMENTS CHANGES IN CPU 
SPECIFICATIONS 
eee ee 


Storage : | 
: Not affected ROM (Bytes) 


Location . : Undefined 
: Result 
RAM (Bytes) 


Stack (Bytes) 


No. of cycles 


Reentrant 


Interrupt 

























Slow-up 
data 


Operating data 





DESCRIPTION 


(1) Function Details 





(a) Argument details 
FLGL(RAM) : Holds flag indicating slue direction and start of stepping 
motor rotation. Flag functions are shown in Table 3. 


STEP(RAM) : Holds total step count. 

SUP (RAM) : Contains slow-up data. 

SHOLD(RAM) : Contains operating data. 

SDWN(RAM) : Contains slow-down data. 

STEPE(RAM) : Contains remainder of total step count divided by 4. 


SPECIFICATIONS NO 
"No. of cycles" in "SPECIFICATIONS" represents the number of 


cycles required to execute data in the sample application. 
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PROGR MODULE Nite PROCESS DATA MCU/MPU | |11D6305X0/YO| | LABEL | SMCLC 


DESCRIPTION 
Table 3 Flag Functions 
Bit /Label nGretlon 
MSF | FRFLG ore 


es ee ae Rotates stepping motor clockwise (normal). 
| - [{ 0 | Rotates stepping motor counterclockwise (reverse). 













Stops slue. 
Starts slue. 








(b) Fig. 6 shows an example of 
program module SMCLC 
execution. 


7 FLG1 b0 


b 
rici(raM) (= [-[-]=-|-[-1-1 9) 


@ Entry 


If entry arguments are held arguments|(Reverse=0) b7 STEP bO 
as shown in part @ of Fig. 6, STEP (RAM) 
the remainders of slow-up, (SCA) 
operating, and slow-down are 
contained as shown in part @ 
of Fig. 6. b7 SUP bO 
SUP (RAM) [it 5] 5 
(c) Program module Lae ae ($15) SHOLD 
other program modules an SHOLD (RAM) 07 
subroutines shown in Table 4. ($07) 
@ Return SDWN 
arguments; SDWN(RAM) 
($15) STEPE 
STEPE (RAM) 
($01) 
b7 FLG1 b0 






SMSF (Bit 1) 
Slue start (=1) 
FRFLG (Bit 0) 


Reverse slue (=0) 


Fig. 6 Example of SMCLC Execution 


Table 4 


Program Modules and Subroutines Called in SMCLC 


— Program Module/ 
Subroutine Name 





CALCULATE 


NORMAL/ REVERSE 
DATA 


Tests whether the slue is normal or reverse 
and sets the next data to the stepping motor. 





(2) User Notes 


For reverse rotation, the maximum step count is SFE. 


If S$FF is loaded, 
correct rotation data can not be obtained. 
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| PROGRAM MODULE NAME NAME | PROCESS DATA DATA | wcu/eeu 1106305x0/¥0 LABEL, sucic 


[ __escrrprion | 


(3) RAM Description 


Label RAM Description 
b7 bO | 
STEP Stores total step count. 
SUP Stores one-fourth of the step count due to slow-up. 
SHOLD Stores one-fourth of the step count due to operating. 
S DWN Stores one-fourth of the step count due to slow-down. 
STEPE Stores remainder of a total step divided by 4. 
SCNTR Stores 4-step counter. 
SDWNW Stores SDWN work area. 
STEPW Stores STEP work area. 
FLG1 Stores flag indicating normal/reverse slue and 


start/stop. 
(4) Sample Application 


Calls program module SMCLC after selecting normal/reverse rotation flag and 
total step count. 


WORK1 RMB Lo === Reserves memory byte for total step 
| - count. 
! 
BSET FRFLG, FLG1] -----— Sets normal/reverse flag to normal 
rotation. 
LDA WORK1 Loads the total step count into entry 
STA STEP } a argument. 


JSR SMCLC | ——---Calls program module SMCLC and 


: processes the data. 
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| PROGRAM MODULE NAME. MODULE NAME | PROCESS DATA DATA | cu/MeU -p6305x0/Y0}| LABEL n¢305x0/0} | rane |[owcuc SMCLC 


[_pescarerion | 


(5) Basic Operation 


(a) 


(b) 


(c) 


(d) 


Tests whether slue is normal or reverse. If it is reverse, "1" is added 
to the total step count for backlush processing. 
Slow-up and slow-down operations are executed every 4 steps. The total 
step count is multiplied by one-fourth. 
If the result is 2 or less, slow-up and slow-down are not executed. 
If one-fourth the step count is 3 or more, values of SUP(RAM), SHOLD 
(RAM), and SDWN(RAM) are determined for slow-up and slow-down 

_ processing. 
Slow-up of 21 steps and slow-down of 7 steps are executed. 
SUP (RAM), SHOLD(RAM), and SDWN(RAM) are shown in (i) to (iii), by 


(e) 


one-fourth the step count '"n'" obtained in (c) and (d). 


(i) At n = 3 to 29, n = 2+4m (m = 1 to 6) 


SUP (RAM) = one-fourth the total step count — (m+2) 
SHOLD(RAM) = l 
SDWN (RAM) =m 


(ii) At n = 3 to 29, n< 2+4m (m = 1 to 6) 


SUP (RAM) = one-fourth the total step count —- (m+1l) 
SHOLD(RAM) #= 0 
SDWN (RAM) =m 
(iii) At n > 30 
SUP (RAM) = 21 
SHOLD(RAM) = one-fourth the total count - 29 
SDWN (RAM) = 7] 


(f) If one-fourth the step count is "0", STEPE(RAM), the remainder of 
one-fourth the step count only is output. 


(g) If one-fourth the step count is n(1l to 2), a step count of "nx4+STEPE 
(RAM)"' is output. 
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PROGRAM MODULE NAME PROCESS DATA MCU/MPU | |HD6305X0/YO]| | LABEL | |SMCLC 
FLOWCHART 





( SMCLC 


SMCLC 
(FRFLG , FLG1) 
See Pi Reeee | tests whether slue is normal or inverse. 
FRFLG, FLG1)=0 
ee Ee reverse slue, backlash 
> STEP processing is executed. 
MCL : 
eee Reda the remainder of total step counts 
?*STEPE to be processed divided by 4. 
Shift (STEP Divides total step counts to be processed 
oo be 4 to permit 4-step processing. . 


(STEP )-ACCA 
Tests if one-fourth the step count is 
Oa) D> WOM. 


SMCL5 


(STEPE) 
>SCNTR Stores only STEP(RAM) value to 
acetates enable rotation when one-fourth the 


0O>STEPE step count is "0". 
Stores counter value for 4-step 
SCCNTR fF w~-—-=— 
“oe eee 


Tests if one-fourth the step count is 





ie Dae 
SMCL6 (ACCA) #1 | 
Stores (4 steps + STEPE(RAM)) slue when 
0>SHOLD ane the step count is "1". 
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PROGRAM MODULE NAME PROCESS DATA MCU/MPU | |HD6305X0/YO|} LABEL | |SMCLC 
| FLOWCHART | 


—_er. seems |. ane 


(ACCA) = 2 VN Tests if one-fourth the step count is 
WOM 
| SMCL7 (ACCA) #2 
FS ee es Stores (8 step + STEPE(RAM)) slue 
: when one-fourth the step count is "2". 
SMCL8 
0 > SUP 


No slow-up and slow-down are executed 
when one-fourth the step count <2. 


0 > SDWN 


Stores the work data for testing slow- 
down or slow-up data. 


& 0>SDWNW 
cS) 2 +STEPW 


SMCL2 

(SDWNW) +1 
> SDWNW _____| Stores the testing data to test 

(STEPW) +4 Slow-down or slow-up data. 
+STEPW 

(STEPW)>30 7 Tests if one-fourth the step count is 
30. | 
SMCL9 (STEPW) <30 


(STEP) -29 
+SHOLD 
21 + SUP ano 


Stores values of operating, slow-up, 
operating and slow-down when one- 
fourth the step count is 30. 





Raa aaa Cnr lias | 
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PROGRAM MODULE NAME PROCESS DATA | MCU/MPU | |HD6305X0/YO] | LABEL || sMcLC 
FLOWCHART 


(STEPW) [ 
-(STEP ) 
(Bit Z)=l jd.  — wana Tests if one-fourth the step count is 
(STEPW) = (STEP) 2+ 4n (n = 1 to 26). 
(Bit Z)=0 
SMCL10 (STEPW) #(STEP) 
1> sHotp| |  ---- ae data to allow output of 1l-step 
operating. 
(Bit C)=1 
STEPW) < (STEP) 
ees! Tests if one-fourth the step count is 
smaller than 2 + 4n (n=1 to 26). 
(STEPW) > (STEP ) | 
O*-SHOLD.<f 9 -- = 45s | Stores data not to output operating data. 
SMCL3 
(SDWNW) 
_ ACCA 
ere Stores SDWNW(RAM) value as slow-down 
(ACCA) data. 
+SDWN 
(ACCA) +1 
*+ACCA 
(ACCA}{SHOLD ) : 
7ACCA _____| Stores STEP (RAM) -(SDWNW(RAM)+1+SHOLD 
ACCA)-(STEP (RAM)) as slow-up data. 
+ ACCA | 
00- (ACCA) | 
| *+ACCA 
(ACCA)*SUP 
SMCL4 
| SMFR | -----| Stores normal or reverse slue data for 
the stepping motor. 
_ L*UPPTR -----| clears the slow-up data table pointer. 
1*SMSF,FLG1| 9 -~--- ae the flag for the,stepping motor 
output. 
RTS 
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es ee STEPPING 
| PROGRAM MODULE. NAME. MODULE NAME MOTOR es ee | cu/meu 1196305x0/ 0 juaser | seme 


[Function 


Outputs pulse to the stepping motor. 





CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 


: Not affected ROM (Bytes) 


: Undefined 
RAM (Bytes) 


Stack eee 


Interrupt 






Storage 
Location 


aata P| on 

Paata © | SHOLD 
Entry|Remainder STEPE 1 

erat 
HEF 


Normal 
Reverse FRFLG, 
oa Flag| FLG1 
Pet Pe 
FLG1 (RAM) : Holds flag indicating rotation direction and rotation start 


of the stepping motor. Flag functions are shown in Table 5. 
STEP (RAM) : Holds total slue step count. 
SUP (RAM) : Holds slow-up data. 
















| pescrrprion | 


(1) Function Details 


(a) Argument details 


SHOLD (RAM): Holds operating data. 
SDWN (RAM) : Holds slow-down data. 
STEPE (RAM): Holds remainder of the total step count divided by 4. 


SPECTEICATIONS NOTES |! "No. of cycles" in "SPECIFICATIONS" represents the number 


of cycles required to execute with data in the sample 
application. 
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ENERATE STEPPING 
PROGRAM MODULE NAME etek OUTPUT MCU/MPU | |HD6305X0/YO] |} LABEL | |SMREV 


DESCRIPTION 









Table 5 Flag Functions 


Bit/ abet 
F 





Rotates stepping motor clockwise (normal). 
Rotates stepping motor counterclockwise (reverse). 
Stops slue. 


1 
0 
aa 
[= [starts sue 


(b) Fig. 7 shows an example of b7 SUP bO 
program module SMREV Gi ea EMEC [1 


execution. 
sion, (easy (SEED (7) 








nas 
Ea! 


If the entry argument is ME 
held as shown in part @ of Mery 





Fig. 7, outputs pulse to the Sn eumenes si (RAM) 75] 
stepping motor. ($15) STEPE 
Then, the slue start flag ae (RAM) [07 1] [071] 1 
SMSF(RAM) is contained as £301) FLG 1 bO 
shown in part @ of Fig. 7. FLG1 
: (RAM) 
(c) Program module SMREV calls SMSF (Bit 1) 
other program modules and slue start (=1) 
a shown in FRFLG (Bit 0) 


Reverse slue (=0) 


FLG 1 


bO 
@ Return FLG1 
argument) (RAM) (See eee 
SMSF (Bit 1) 


Slue stop (=0) 


Fig. 7 Example of SMREV Execution 


Table 6 Program Modules and Subroutines Called in SMREV 


Program module/ Label Function 
Subroutine Name 


LOAD NORMAL/ 
REVERSE 





Tests whether slue is normal or reverse and 
stores next data in stepping motor 


SLUE DATA | : , =. 4 


(2) User Notes 
(a) Selects bits 2-5 of port B as output.. 
(b) Initializes timer. 


(c) Clears bit I to enable timer interrupt. 
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PROGRAM MODULE NAME 


(3) RAM Description 


(4) 


DESCRIPTION 


Label 


STEP 
SUP 
SHOLD 
SDWN 
STEPE 
FLG1 
PBSM 
TDRD 


NERATE ST ING 
ueroe aureur MCU/MPU | |HD6305X0/YO]]} LABEL | |SMREV 


Description 


Stores total step counts. 
Stores one-fourth the step count for slow-up. 
Stores one-fourth the step count for operating. 


Stores one-fourth the step count for slow-down. 
Stores the remainder of the total step count 


divided by 4. 
Stores flag indicating normal/reverse slue and 


start/stop for the stepping motor. 
Holds data output to each pin of stepping motor. 


ey Sey ny ye yt 


Holds data to be stored in TDR. 


Sample Application 


Program module SMREV is called after selecting I/O port, initializing timer 
and enabling interrupt. 


WORK1 RMB 


BCLR 





1 ——--Reserves memory byte for the total step 
count. 
#$66 
PBSM —-- Initializes the stepping motor output pin. 
PBDTR 
ee } --- Selects bit 2-5 of port B as outputs. 
SMSF, FLGl1 -—---Sets rotation stop. 
#250 
TDRD 
TDR —~—-—-Initializes output timing to the stepping 
#4 motor. 
TCR 
—--- Enables interrupt. 
FRFLG, FLG1 
WORK1 = Loads entry argument. 
STEP 
SMC LC — ——- Calculates entry argument. 
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| ae STEPPING 
| PROGRAM MODULE NAME | PROGRAM MODULE NAME NAME MOTOR | ae | Ncu/MeU | '1p6305x0/¥0]| LabEL | LABEL, sMRev 


[__escrrprion _| 







(5) Basic Operation 





(a) Program module SMREV is called by the timer routine. 
(b) Outputs pulses one step to stepping motor every timer interrupt. 


(c) At the beginning of timer interrupt, timer timing (slow-up, operating | 
and slow-down slue) which is held in advance and output to the 
stepping motor. 


(d) Following (c), data to be output at the next timer interrupt is loaded. 


(e) Only the timer timing is held and no output is provided to the stepping 
motor, when the rotation start flag SMSF(RAM) is cleared. 


(f) Slow-up or slow-down output data is supplied to the stepping motor every 
4-step. 


(g) To implement (f), a test is performed to determine if the 4-step output 
is supplied within the same timing. Then, outputs are supplied in the 
sequence of slow-up, operating and slow-down. 

Normal/reverse slue is tested and if it is reverse, output for backlash 
is provided. 


(h) Timing data for slow-up and slow-down should be set in the data table 
in advance. 
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GENERATE STEPPING 
PROGRAM MODULE NAME MOTOR OUTPUT MCU/MPU | | HD6305X0/YO] } LABEL 
FLOWCHART 


SMREV 


SMREV 


(TDRD)*TDR |} —------ | updates the timer interrupt period. 
Clears the timer interrupt request 
0+ 7,TcR| ------ ie 


(SMSF ,FLG1)=0 yop ___| Tests if the output is supplied to 
G1)=( ie the stepping motor. 


(SMSF, FLG1)=1 


(PBSM) : eG. 
G +PBDTR | 777777 Outputs to the stepping mo 


(SCNTR)-1 [| > Decrements counter indicating output 
>SCNTR to the stepping motor in 4 steps. 
(SCNTR) #0_- Hea Tests if 4-step outputs are given to 
the stepping motor. 
(SCNTR)=0 


| Initializes counter indicating output 
oy) 4 > SCNIR | ------ ie the stepping motor in 4 steps. 
(sot <Gun)-8> eae | test if slow-up output is complete. 


SMREV3 (SUP)=0 
(SUP)-1>suUP} | = —---- -4 


Decrements counter indicating output 
slow-up data. 


(UPPTR)*IX 


ORE seeess Sets timing for next slow-up output. 
(UPPTR)+1 
>UPPTR 
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| | GENERATE STEPPING 
PROGRAM MODULE NAME || woror oUTPUT MCU/MPU | |HD6305X0/YO 


FLOWCHART 


— : | 
(STEPE)*>ACCA 















Tests if steady state output is 
rr ea terminated (Output of the remaining 
(ACCA) #40 step count from the total step count 
to be processed divided by 4). 


o 


‘(ACCA)>SCNTR 
seat Stores steady state output. 
QO-STEPE 
(SHOLD) #0 Tests if operating pulse rate output is 
~~ ~~") completed. 
(SHOLD)=0 
SMREV5 


(SHOLD)-1 [| ____ _ Decrements counter indicating 
+SHOLD operating pulse rate output. 


om ps -~---- Tests if slow-down output is completed. 


sTX ue 7 _ | Decrements counter indicating 
(SDWN) slow-down output. 
(TDRDW-1+1X )) 

>TDRD : : 

| Initializes timing for the next 


(SDWN) -1>-SDWN slow-down output. 
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| GENERATE STEPPING 
PROGRAM MODULE NAME |} yorop OUTPUT MCU/MPU | |HD6305X0/Y0]|| LABEL SMREV 


FLOWCHART 


FRFLG, 
Gl)= 


(FRFLG , FLG1)=0 


Tests if backlash processing is 
needed. 







(FRFLG, FLG1)=1 1 


0+SMSF, FLG1 --.-| Terminates output to the stepping 
motor. 


-----+ Loads output for backlash processing. 


G) 1+SCNTR 
1>FRFLG, 
FLG1 


| SMFR | ____| Stores normal or reverse slue 
data for the stepping motor. 


RTI 
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9.4 SUBROUTINE DESCRIPTION 


| ‘CALCULATE NORMAL/REVERSE 
SUBROUTINE NAME ROTATION DATA | McU/MPU | |HD6305X0/YO| | LABEL 
FUNCTION | 


Tests whether slue flag (FRFLG(RAM)) is normal or reverse, stores data 
for the next stepping motor output in PBSM(RAM). 









BASIC OPERATION 


Tests whether slue is normal or reverse, and then performs shift. 
As a result, output data for one-step normal/reverse slue is 
obtained. 


FLOWCHART PROGRAM MODULE USING 










\ 


(FRFLG, FLG1)=1 ~--| rest if slue is normal or reverse. 


(FRFLG, FLG1)=0 


Shift (PBSM) 
1 bit right 


(Bit C)=0 If normal, stores data for the next 
| stepping motor output. 
1>7,PBSM 


If reverse, stores data for the next 
stepping output. 
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9.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 


0080 


0080 
0081 
0082 
0083 
0084 
0085 
0086 
O08? 
0088 
0089 
OO8A 
008B 


1000 


1000 
1002 
1004 
1006 
1008 
100A 
100C 
1O0E 
1010 
1012 
1014 
1016 
1017 
1019 
101B 
1010 
101F 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


0001 
0005 
0008 
0009 
0000 
0001 


Aé 66 
B? 80 
B? Ql 
A6é 3C 
B? OS 
13 8B 
A6é FA 
Br 81 
B? 08 
A6é 04 
B? O9 
9A 


11 88 


Aé C8 
B? 82 
AD 02 
20 FE 


* 
KOK OK OK 
K 


* 
PBSM 
TORD 
STEP 
SUP 
SHOLD 
SDWN 
STEPE 
SCNTR 
UPPTR 
STEPW 
SOWNW 
FLGI 
»* 
HOOK 
* 
PBOTR 
PBDDOR 
TOR 
TCR 
FRFLG 
SMSF 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


SYMBOL 


EQU 
EQU 
EQU: 
EQU 
EQU 
EQU 


PK HO KK CK OKO OK HOOK DIC IC OK IKK 


$80 

1 Work to Keep PBOTR data 
1 Work to Keep TOR data 

1 Total step count 

1 SlLow-up data 

1 Operating data 

1 Stlow-down data 

1 Remainder of step 

] 4 steps counter 

1 TOR up-table pointer 

1 Work for slow-up data 

1 Work for slow-doun data 
] Flag area 

DEFINITIONS OROK OK KOK OK OK OK HOK OK OK 
$01 Port B data register 
$05 Port 6 data direction register 
$08 Timer data register 

$09 Timer control register 
0 Fore and reverse flag 

] SlLue start flag 


OO. 2 2.2.2 2.2.0.2 2.2 2 2 29 2 29 2 2.2.2 22 2 2 2.92 2 2 2 22 2 2 222 22 2 2.2.2 2.2.9. Ss 


>K 
> 
* 


MAIN PROGRAM 


SMMN * 
*K 


DE AK DIK IC IC DE EK CK DICK IC CCE EC EC KK KC EC IC CK IK OEE HC ICE DC ICC IC CK DIK IK IC KK IK IC IC 


*K 


*« 
SMMN 


PEND 


*K 
*K 
*K 





ORG $1000 
LDA H$66 Initialize work for PBOTR 
STA PBSM 
STA PBOTR Initialize PBOTR 
LDA H$3C Select port B b2-bS as output 
STA PBDOR 
BCLR SMSF,FLGL Initialize SMSF 
LDA #250 
STA TORD Initialize work for TOR 
STA TOR Initialize TOR 
LDA HG Initialize TCR 
STA TCR 
CLI Enable interrupts 
BCLR FRFLG,FLG1 Load argument 
LDA #200 Store argument of 200 steps 
STA STEP 
BSR SMCLC Calculate argument for SMREV 
BRA PEND End of program 
DE IE >I OK DIC IK >i IKK OK IC ICICI ICI IK I IEC CCIE IK IK IK ICC ICICI IK HOR ICICI OOH IK ICI KKK 
* 
NAME SMCLC CPROCESS DATA) > 
* 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
00075 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
00108 
00109 
00110 


730 


1021 
1024 
1026 
1028 
102A 
102C 
102E 
1030 
1032 
1034 
1036 
1038 
103A 
103C 
103E 
1040 
1042 
1044 
1046 
1048 
104A 
104C 
104E 
1050 
1052 
1054 
1056 
1058 
105A 
10SC 
10SE 
LOSF 
1061 
1063 
1064 
1066 
1069 
1068 
1060 
106F 
1070 
1072 
1074 


00 
3C 
Bé 
AS 
Br 
34 
34 
Bé 
2° 
AE 
BF 
Al 
Ze 
Al 
2° 
3F 
Aé 
B? 
3C 
A6 
BB 
Br 
Al 
24 
Bl 
Ze 
25 
3F 
Bé 
Br 
4C 
BB 
BO 
40 
B? 
CO 
A6 
Br 
12 
81 
Bé 
Br 
3F 


8B O02 


82 
Q3 
86 
82 
82 


82 


3C 
04 
87 
O1 
3A 
02 
3A 
8A 
02 
89 
BA 
04 
89 
B9 
1E 
5 
82 
3F 
EE 
84 
BA 
85 


B84 
82 


83 
10F2 
Ol 
88 
8B 


86 
87 
86 


DEK IK DK DK 2K DIC IK IC KI DIC IK IC IC 2K IK IK 28 IK IC ICI IC 2K IK IC 2K IK CC IC IK 2 CK 2K 9K IC CK IK IKK HOOK 


¥EHEKHKREKER 


K 


*K 


ENTRY :FRFLGC1:FORE SLUE,O:REVERSE SLUE)* 


RETURNS 


>STEPCTOTAL STEP COUNT) ae 
> SUPCSLOW-UP DATA) | 
SHOLDCOQPERATING DATA) 
SOWN¢SLOW-DOWN DATA) 
STEPECREMAINDER OF STEP) 
FRFLGCFORE/REVERSE SLUE FLAG) 
SMSFCSLUE START FLAG >) 


¥XEXKERX 


SOKO OI IORI OK IOI OI OIOK HOR IORI HOKOIOIOH OK IFO OFOHOK OK HOI HOR HCOHOK IK OK 


SMCLC 
SMCL1 


SMCL2 


SMELLS 


SMCL4 


SMCLS 


BRSET 
INC STEP 
LDA STEP 
AND #$O3. 
STA STEPE 
LSR STEP 
LSR STEP 
LDA STEP 
BEQ SMCLS 
LOX RG 
STX SCNTR 
CMP #1 
BEQ SMCL6 
CMP 2 
BEQ SMCL? 
CLR SOWNW 
LDA =—& #2 
STA STEPW 
INC SOWNW 
LDA Hs 
ADD STEPW 
STA STEPW 
CMP #30 
BHS SMCL9 
CMP STEP 
BEQ SMCL10 
BLO SMCL2 
CLR SHOLD 
LDA SOWNW 
STA SDWN 
INC A 
ADD SHOLD 
SUB STEP 
NEG A 
STA SUP 
JSR SMFR 
LDA #1 
STA UPPTR 
BSET SMSF,.FLG1 
RTS 
LDA STEPE 
STA SCNTR 
CLR STEPE 
© HITACHI 


FRFLG,FLG1.,SMCL1 


Fore or reverse slue 
If reverse increment STEP 
Load Lower 2 bit 


Store 1/4 times of STEP 


Test if STEP=0 ? 
Branch if STEP=0 
Initialize 4¢ steps counter 


Test if STEP=17 
Branch if STEP=1 
Test if STEP=2?7 
Branch if STEP=2 
Initialize work area 


Increment slow-down work 
Add slow-up work 


Test if STEPW=>307 
Branch STEPW=>30 
Test if STEPW=STEP? 
Branch STEPW=STEP 
Test if STEPW<STEP? 
Set no oprating data 
Store slow-down data 


STEP- (SOWNW+1+SHOLD)->SUP 


Set fore or reverse data 
Initialize pointer to slow-up 


Set slue start flag 


Store STEPE in slue-STEPE data 


00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 


1076 
1078 
107A 
107C 
107E 
107F 
1081 
1083 
1085 
1087 
1089 
1088 
108D 
108F 
1091 
1093 
1095 
1097 
1099 


1098 
109D 
10O9F 
10A1 
10A4 
10A6 
10A8 
10AA 
10AC 
1OAE 
10B0 
10B2 
10B4 
10B6 
1088 
10BA 
10B8C 
10BE 
10C0 
10C3 
10CS 


3F 
20 
A6é 
B? 
GF 
Br 
B? 
20 
Bé 
AO 
Br 
A6 
B? 
Aé 
B? 
20 
A6é 
B? 
20 


Bé 
Br 
LF 
03 
Bé 
B? 
3A 
26 
A6 
B? 
Bé 
26 
Bé 
26 
Bé 
26 
Bé 
26 
00 
A6é 
B? 


84 
04 
O1 
84 


83 
85 
El 
82 
10 
84 
1S 
83 
O7 
85 
D1 
O1 
84 
BF 


81 
08 
O09 
8B 
80 
01 
87 
10 
04 
87 
83 
18 
86 
21 
84 
23 
85 
23 
8B 
01 
87 


20 


2B 


SMCL6 
SMCL? 


SMCL8 


SMCL9 


SMCL10 


CLR 
BRA 
LDA 
STA 
CLR 
STA 
STA 
BRA 
LDA 
SUB 
STA 
LDA 
STA 
LDA 
STA 
BRA 
LDA 
STA 
BRA 


SHOLD 
SMCL8 
#1 
SHOLD 
A 

SUP 
SOWN 
SMCL4 
STEP 
#29 
SHOLD 
#21 
SUP 
#7 
SOWN 
SMCL4 
#1 
SHOLD 
SMCL3 


Clear 
Store 
Store 
Store 


Store 


Store 


Store 


Store 


slLue forc4steps+STEPE)D 
slLue forC8stepst+STEPE)D 
in other than slow-up 
in other than slow-down 


operating data 


SLow-up data 


SlLow-down data 


operating data 


DE IK DIC DC IK IC KICK IC CHOI DIC ICO IC EC ICI HOOK IC IOC IOI HC KK DC ICICI HOHE KC KK KC 


* 
* 
* 


NAME 


* 


SMREV (GENERATE STEPPING MOTOR * 


OUTPUT) 


*K 


DD DIK DIK DIC DIC DIC IK IK IK EC IC IC 2K DICK IC IC IC ICICI IC OI ICICI IOOHOOR HO ICICI ICOHOICHC IC HCOK DIK 


*« 


*¥ X EXE X KR 


* 


*K 


SUPCSLOW-UP DATA) 
SHOLOCOPERATING DATA) 
SOWNCSLOW-DOWN DATA) 
STEPECREMAINDER OF STEP) 


SMSF CSLUE START FLAG) 


SMSF CSLUE START FLAG) 


* 
* 
* 
*« 
FRFLGCFORE/REVERSE SLUE FLAG) * 
*« 
* 
* 
*« 


WK DIC DIC HK IK CK IC IK DIC DIK IK HC IK CK IK CIC IC IC IC CK IC CEE IC IC IC ICC IC IC HK DIK IC EC IC CC IC IC IC IC ic 
Initialize TOR 


SMREV 


Clear 
SMSF,.FLG1,SMREV2 Test 


Drive 


interrupt request bit 
if drive motor 
stepping motor 


Decrement for every 4 steps 
Output 4 steps ? 
Initialize counter for every 


SlLow-up complete ? 
STEPE complete 7? 


Operate complete 7 





SLow-down complete ? 


FRFLG.FLG1.SMREV? Back rush 7 
Initialize for back rush 


ENTRY 

RETUNRS 
LDA TORO 
STA TOR 
BCLR 7,.TCR 
BRCLR 
LDA PBSM 
STA PBOTR 
DEC SCNTR 
BNE SMREV1 
LDA HG 
STA SCNTR 
LDA SUP 
BNE SMREV3 
LDA STEPE 
BNE SMREV4 
LDA SHOLD 
BNE SMREVS 
LDA SOWN 
BNE SMREV6 
BRSET 
LDA #1 
STA SCNTR 
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00166 
00167 
00168 
00169 
00170 
00171 
00172 
00173 
00174 
00175 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
0019S 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
00206 
00207 
00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 
00218 
00219 
00220 


732 


10C7 
10C9 
10CB 
10CC 
10CE 
1000 
1003 
1005 
1007 
1009 
1008 
1000 
100F 
10E1 
10E3 
10E5 
10E8 
10EA 
10EC 
10EE 
1OFO 


LOF2 
L0FS 
1OF 7 
10F9 
1OFB 
LOFC 
1OFE 
1100 
1102 


1104 
1105S 
1106 
1107 
1108 
1109 
110A 
1108 
110C 
1100 
110E 
110F 
1110 
1111 
1112 


10 
AD 
80 
3A 
BE 
D6 
B? 
3C 
20 
Br 
3F 
20 
3A 
20 
BE 
Dé 
B? 
3A 
20 
LS 
20 


00 
38 
24 
10 
81 


34 


24 
1E 
20 


FA 
F2 
EC 
EO 
D2 
Cé 
BC 
B4 
AC 
A4 
9E 
98 
92 
88 
Bz 


8B 
20 


83 
88 


1104 


81 
88 
FO 
87 
86 
EA 
84 
E6 
85 


1119 


81 
85 
DB 
8B 
D9 


8B 
80 
02 


80 


80 
FB 
80 
F? 


O07 


BSET FRFLG.FLG1 Set fore slue flag 
SMREV1 BSR SMFR Calculate forward or reverse 
SMREV2 RTI 
SMREV3 DEC SUP Decrement slow-up data 
LOX UPPTR Store slow-up timer data 
LDA TORUP. X 
STA TORD 
INC UPPTR Increment slow-up data 
BRA SMREV1 
SMREV4 STA SCNTR Store for operating 
~CLR STEPE 
BRA SMREV 1 
SMREVS DEC SHOLD Decrement slow-hold data 
BRA SMREV1 
SMREV6 LDX SOWN Store slow-down timer data 
LDA TORDW-1.X 
STA TORD 
DEC SOWN Decrement slow-down data 
BRA SMREV1 
SMREV? BCLR SMSF,FLG1 Clear stue start flag 
BRA SMREV2 
DK >I IK IK DK IK IK OIC IK IK IC IC IC IK KK IK IC IC IK IK IK IK IK ICCC HCI IC IKK IK IC IC IK EC EC IK IKK CK IC IC CK IKK 
»*K *K 
> NAME SMFR CCALCULATE NOMAL/ZINVERSE ROTATION x 
* DATA) « 


DIK IC IC DIC DIK DC DK DK KIC ECC IC IC CRC IK IC IIE CORK DIC EC IC IED IK DIC ICCC IC IK IOC OIC CK OI COI IC 2K 


SMFR BRSET FRFLG,.FLG1,.SMFR2 Reverse slue ? 

LSL PBSM Store next slue data 

BCC SMFR1 

BSET 0O,PBSM 
SMFRI1 RTS 
SMFR2 LSR PBSM Store next slue data 

BCC SMFR1 

BSET 7,PBSM 

BRA SMFR1 
PC DIC DIK DIK DIC DIC IK IC IK IC IK ICICI DICK KIC DIK IK IK IC IK IK KK IK KICK CEE DICK CICK ICC IK IC EC IC IK IK IC IK IK IK IC 
> *« 
« DATA TABLE > 
> >» 


DEK DICK CHOC ICICI HOC IC CICK OEE HOHE IC EC IC ICH EC EC IC HC IC OIC CHC EC CEC EC IC IK IK IC IC I IC 2K 


TORUP FCB 250 *xSlLow-up data 
FCB 242 
FCB 236 
FCB 224 
FCB 210 
FCB 198 
FCB 188 
FCB 180 
FCB 172 
FCB 164 
FCB 158 
FCB 152 
FCB 146 
FCB 136 
FCB 130 
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00221 
00222 
00223 
00224 
00225 
00226 
00227 
00228 
00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 


00238 


00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00248 
00249 


1113 
1114 
1115 
1116 
1117 
1118 
1119 
111A 
1116 
111C 
1110 
111€ 
1L11F 
1120 


1FF6 


1FFS6 
1FF8 
1FFA 
LFFC 
1FFE 





fE 
7A 
76 
72 
70 
é6C 
6A 
FA 
CB 
AB 
94 
82 
(4 
6E 


1000 
109B 
1000 
1000 
1000 


TOROW 


FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 
FCB 


126 
122 
118 
114 
112 
108 
106 
250 
203 
171 
148 
130 
116 
110 


*SLow-down data 


DE DC IK HCC DIC ICC HOE DKK IC CIC IC CICK IC DK CCI DC ICC ECDC IK IK EC HK DK IK DK DC DIK DIC DIK EC DK IK IK IC EC CK IK 2K 


*K 
K 
*K 


VECTOR ADDRESSES 


*K 
*K 
*« 


DK HOCK CK KCK OOK IC IK OK OOK ICI CKO ORCI HCC IC IC IC ICO OC COI ICI CK ICO IK CK 2K 2K 


* 


K 


ORG 


FOB 
FDB 
FOB 
FOB 
FOB 


END 





SIFF6 
SMMN SCI/TIMRE2 
SMREV TIMER/INT2 
SMMN INT 
SMMN SWI 
SMMN RES 
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10. WITH A COMMERCIALLY AVAILABLE KEYBOARD 
10.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Receives key data from ASCII keyboard using the HD6305X0. 
(b) Permits ASCII keyboard to output 7-bit ASCII code and 


STROBE signal when a key is pressed. 


(2) Microcomputer Applications 


(a) Inputs ASCII keyboard STROBE signal to the HD6305X0 INT 
pin and executes interrupt routine at the falling edge of 
STROBE pin. 

(b) Reads key data in port B input by interrupt routine. 


(3) Circuit Diagram MCU 
HD6305X0 
(HD6305Y0) | 





ASCII Keyboard 


Fig. 1 Reading Data from ASCII Keyboard 
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(4) Pin Functions 


Pin functions at the interface between the HD6305X0 and ASCII 


Keyboard are shown in Table l. 


Table 1 Pin Functions 


mca ve Pin Name 
Pin Name | Input/ | Level mnceton :(Rey= Program 
(HD6305X0) | Output | (High y Label 
board) 
or Low) 


Requests external interrupt rn 


Bi 


Data lines 





(5) Hardware Operation 


Timing chart for STROBE signal and key data output are shown 
in Fig. 2. When STROBE signal is output from ASCII key- 
board, INT interrupt is generated at the falling edge GQ) 
and the HD6305X0 reads port B data. 


STROBE — ae hlUtt”~—S 


: 


INT7 interrupt generated 


Fig. 2 ASCII Keyboard Timing Chart 
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10.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for data input from ASCII 


keyboard is shown in Fig. 3. 










KEYIN 
RECEIVE 
KEY DATA 


KEYOUT 
READ 
KEY DATA 















Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


Program Module Name 
MAIN PROGRAM KEYMN | Receives key data from ASCII keyboard. 


KEYIN | Stores key data in key buffer. 
KEYOUT! Reads key buffer data. 














1 


RECEIVE KEY DATA 







READ KEY DATA 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of key data input from ASCII 
keyboard performed by the program module in Fig. 3. 
Key data from ASCII keyboard is stored in KEYDAT(RAM) after main 


program of Fig. 4 is executed. 


Main Program 


ne cm canes 


Clears key buffer pointer. 


SS 







Enables INT 9 interrupt. 


a | 


Enables interrupt. 


a 


wl 


| KEYOUT | 


K 


Reads key buffer data. 


rt 


___| Tests if unprocessed data is on the 
buffer. 


(Bit C)#1 


(IX)*KEYDAT 


a 


Stores key data in KEYDAT(RAM). 







KEYIN INT) Interrupt Routine 


KEYIN 


RECEIVE 
KEY DATA 


----| stores keyboard data in key buffer. 





Fig. 4 Program Module Flowchart 
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10.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME RECEIVE KEY DATA McU/MPU | |HD6305X0/YO| | LaBEt | |KEYIN | 
FUNCTION 


Stores keyboard data in key buffer. 










ARGUMENTS 


Storage | Byte 


Entry 
Argu- | 


CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 


Undefined | {LRM (Bytes) _| 
: Undefined ROM (Bytes) 
! RAM (Bytes) 


Stack (Bytes) 






No. of cycles 


42 


ments | 
Re- Relocation 
turns 


Interrupt 


Press 
A key 








DESCRIPTION 










b7 PS bO 
(1) Function Details 
. ps($oo)[_0 | 0 | 
Before PE 

a) Program module KEYIN has no arguments. 
arene 8 execution]PE($00)[0 0] 
(b) Fig. 5 shows an example of program KEYBUF | ok 
module KEYIN execution. If key A | ke 
is pressed as shown in part @ of ie a 

Fig. 5, key data is stored in key 






buffer as shown in part @ of Fig. 5. 







Program module KEYIN calls neither 
program modules nor subroutines. 
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PROGRAM | PROGRAM MODULE NAME NAME | RECEIVE Key DATA | KEY DATA | vcu/meu 1HD6305x0/¥0 YO LABEL Kevin 


[_pescererion | 


PS 
sscoon LO} 
@ Result PE(SO1)[ 0 | 1 | 


(2) User Notes 


(a) Clears RAM since 2-byte RAM is 
used as pointer indicating key KEYBUF 
buffer. 


(b) Selects DDR of port B as input. Tk x | 


(c) Clears INT) interrupt mask bit. 


sate tates *k: hexadecimal 
(d) Clears bit I to enable INT? inter- 
rupt. Fig. 5 Example of KEYIN 


Execution 
(3) RAM Description 


Label RAM Description 
b7 bO Stores pointer indicating unprocessed key 
PS data in key buffer. 
ea Stores pointer indicating key data in key 
nUARUE buffer. 


7 Used as key buffer storing 15-byte key data. 


(4) Sample Application 


Program module KEYIN is called if ASCII key is pressed after RAM to be used 





is cleard, INT) interrupt is enabled, and after I/O port is selected and 
interrupt is enabled. 


CLR A 


STA PS Wp Sees Clears RAM to be used. 

STA PE 

STA MR. See Clears INT) interrupt mask. 
STA PBDDR ----- Selects port B as input. 
CLI -~--—-- Enables interrupt. 


© HITACHI 











739 


| PROGRAM MODULE NAME MODULE | PROGRAM MODULE NAME | RECEIVE KEY DATA KEY DATA cuneu D6305x0/¥0|| LABEL apes | evr 


[ _pescrrprion _| 


(5) Basic Operation 
(a) Input/output to/from key buffer. 


(i) Calls program module KEYIN at every INT» interrupt and fetches key 
data from key buffer. Then, calls program module KEYIN in main 
program and fetches key data from key buffer. 


(ii) Clears starting point PS(RAM) and ending point PE(RAM) and stores 
key data in key buffer starting address. 


(iii) Program module KEYIN stores 1 byte of key data in 16-byte buffer 
area pointed by PE(RAM), and increments PE(RAM). 


(iv) Program module KEYOUT fetches 1 byte from 16-byte buffer area 
pointed by PS(RAM) and increments PS(RAM). 


(v) PS(RAM) and PE(RAM) become "0" if they are incremented till 15 
bytes because the buffer area is 16-byte long. 


(b) Input to key buffer 


(1) Program module KEYIN loads PE(RAM) into ACCA and increments ACCA. 
Then, compares ACCA content with PS(RAM). If (ACCA)=PS(RAM), key 
data is not stored in key buffer. 

If (ACCA) # (PS), key data is stored in key buffer and PE(RAM) is 
incremented. 


(ii) Key buffer can be used up to 15 bytes. 
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PROGRAM MODULE NAME RECEIVE KEY DATA MCU/MPU | |HD6305X0/YO|| LABEL | | KEYIN 


FLOWCHART 


KEYIN 


(PE) > IX 


(IX) > ACCA 


(ACCA) +1 
*ACCA 


(ACCA) A $OF 


A 

ti 

ret 

re 

Zz 
+ 
> 
(>) 
(-) 
> 


(ACCA) =(PS) 


( 


PBDTR)~ 
(KEYBUF+IX) 







(1X)*>ACCA 


(ACCA)+1 
+ACCA 


ACCA) ASOF 
+p 


KEYIN1 
RTI 


E 


----| Clears INT, interrupt request flag. 


~-] Loads key buffer pointer into IX. 


— key buffer pointer. 


Tests if key buffer is full. 


(ACCA) #(PS) 


Stores key data in key buffer. 


— key buffer pointer. 
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PROGRAM MODULE NAME READ KEY DATA | MCU/MPU | }HD6305X0/YO] | LABEL | KEYOUT 


FUNCTION 






Reads data from key buffer. 


ARGUMENTS 


Entry 
Argu- | 










CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 


@ : Not affected 
x : Undefined | ROM (Bytes) | (Bytes) 


: Result 
RAM (Bytes) 


Stack (Bytes) 










Storage 
Location 


Byte 
Lgth. 


No. of cycles 


ments 
key data 
turns 







Un- 
processed 
key data 
existence 


DESCRIPTION 


(1) Function Details 





Interrupt 





(a) Argument details 


IX: Contains unprocessed execution 


key data in key buffer. 
Bit C (CCR): Indicates existence 
of unprocessed key 
data in key buffer. 
Bit C= 0: Unprocessed data is 
in key buffer. 





SPECIFICATIONS NOTES 
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| PROGRAM MODULE NAME. MODULE NAME | READ KEY DATA KEY DATA | vcu au | cu/pu | |1D6305x0/¥0 p6305x0/%0|| rapes] kevour EYOU 


[_escererion | @ Return Bitc b/_ IX b0 
arguments|7X [o}[_4 | 0 | 
BitC = 1: No unprocessed data is Fig. 6 Example of KEYOUT 

in key buffer. Execution 


(b) Fig. 6 shows an example of program module KEYOUT execution. 
Unprocessed data is contained into IX after 
program module KEYOUT execution. 


(c) Program module KEYOUT calls neither program modules nor subroutine. 


(2) User Notes 


Program module KEYOUT should be used with program module KEYIN. 


(3) RAM Description 


Label RAM Description 
b7 b0 
PS Stores pointer indicating unprocessed data in 
PE } key buffer. 
KEYBUF Stores pointer indicating key data in key buffer. 


Used as key buffer storing 15 byte key data. 


(4) Sample Application 
First, clears RAM to be used, enables INT? interrupt, and initializes I/0 


port. Second, enables interrupt and executes program module KEYIN. Then, 
execute program module KEYOUT. 





WORK1 RMB 1 __._ Reserves memory byte for key buffer unprocessed 
H data. 
CLR oA 
STA PS ~Clears RAM to be used. 
STA PE 
STA MR ---Enables INT, interrupt. 
STA PBDDR ---Selects port B as input. 
CLI | ~--Enables interrupt. 
LOOP JSR KEYOUT --Calis program module KEYOUT. 
BCS LOOP ---Tests if unprocessed data is in key buffer. 
S TX WORK1 ---Stores unprocessed data in return argument in 
RAM. 
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| PROGRAM MODULE NAME. MODULE | PROGRAM MODULE NAME. | READ KEY DATA KEY DATA | wcu/Meu 'aD6305x0/¥0 LABEL cases | keroud 


[ _pescrrprion _| 
(5) Basic Operation 


(a) Input/output to/from key buffer. 
See (a) of (5) Basic operation in program module KEYIN for details. 


(b) Output from key buffer. 


(i) Program module KEYOUT tests if values in starting pointer PS(RAM) 
and values in ending pointer PE(RAM) are equal. 


(ii) In case of PS(RAM)=PE(RAM), no ee data is in key buffer and 
bit C is set. 


(iii) In case of PS(RAM)#PE(RAM), key data is fetched from key 
buffer PS(RAM) indicates, and PS(RAM) is incremented. 
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PROGRAM MODULE NAME READ KEY DATA MCU/MPU | |} HD6305X0/YO| } LABEL | |KEYOUT 
FLOWCHART 


KEYOUT 


KEYOUT 








----| Loads starting pointer into IX. 


Tests if unprocessed data is in key 
buffer. 


(PS)# (PE) 


(KEYBUF+1X) 
>IX 
(PS)*ACCA 
----| Increments starting pointer. 


Stores key buffer content in return 
argument. 











(ACCA)+1 
>ACCA | 
(ACCA) ASOF 
>ACCA 
(ACCA)>PS 







Clears bit C, because unprocessed data 
is in key buffer. 


Sets bit C, because no unprocessed 
data is in key buffer. 
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10.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 
10.5 PROGRAM LISTING 


00001 xk 
00002 KOK IOK RAM ALLOCATION FORO OOK HOR FOR KOK IOI OOO OK IK 
00003 *« 
00004 0080 ORG $80 
0000S * 
00006 0080 0001 PS RMB 1 Roll buffer start pointer 
00007 0081 0001 PE RMB 1 Roll buffer end pointer 
00008 0082 0010 KEYBUF RMB 16 Roll buffer area 
00009 0092 0001 KEYDAT RMB 1 Work for Key data 
00010 > 
00011 KOK HIOK SYNBOL DEFINITIONS HORII HOK HOOK HOOK 
00012 *« 
00013 0005S PBDOR EQU $05 Port B data direction register 
00014 0001 PBDTR EQU $01 Port 8B data register 
00015 OOOA MR EQU SOA Miscellaneous register 
00016 FOOIOOOOIOOOIOOIOOIOR OO IO OR IO OROIOOOIOROOIOOIOIOOOIOK HOR OK HOR HOK 
00017 > as 
00018 > MAIN PROGRAM KEYMN *« 
00019 * * 
00020 FOROROIOROROOROIOI OOK IOROIOR OROIOOK OR OR OR IOIOIOK FOR IOROK IOFOTO HOR FOR OHOK OK 
00021 * 
00022 1000 | ORG $1000 
00023 * 
00024 1000 4F KEYMN CLR A | 
00025 1001 B? 80 STA PS Initialize start pointer 
00026 1003 B7 81 STA PE Initialize end pointer 
00027? 1005S B7 OA STA MR Initialize INT2 interrupt 
00028 1007 9A CLI Enable interrupt 
00029 1008 CD 1011 KEYMN1 JSR KEYOUT Read key data of roll buffer 
00030 1008 2S FB BCS KEYMN1 Test if read 
00031 1000 BF 92 STX KEYDAT Store work RAM 
00032 100F 20 F? BRA KEYMN1 
00033 FORIOOIOOIORO OOOO IOOIOR IORI IOOIOR IO IO FORO IO IO IOI OK 
00034 a * 
00035 * NAME KEYOUT CREAD KEY DATA) »« 
00036 o* * 
00037 FORO IOI OOO OOO OOOO FORO OOO OOOO OR OR OOO OOK OKO KOK 
00038 * *« 
00039 * ENTRY NOTHING »K 
00040 > RETURNS IX CKEY DATA) > 
00041 * CARRY (C=0; TRUE,.C=1;:FALSE)D K 
00042 > K 
00043 OOOO IOOIOK ICICI IOR IORI OR FORK OIOROIOOIOK FOR HOR OK IO OI OIOI OK OK 
00044 1011 BE 80 KEYOUT LOX PS Start pointer = end pointer 7? 
00045 1013 B3 81 CPX PE 
00046 1015 27 OC BEQ KEYOT1 Branch if equal 
00047 1017 EE 82 LOX KEYBUF.X Read Key data 
00048 1019 Bé 80 LDA PS Increment start pointer 
00049 101B 4C INC A | t 
000SO 1OIC AG OF AND HSOF Clear upper 4 bit 
00051 101€ B7? 80 STA PS 
000S2 1020 98 CLC Clear carry 
00053 1021 20 O1 BRA KEYOT2 
00054 1023 99 KEYOT1 SEC Set carry 
000SS 1024 81 KEYOT2 RTS 
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00086 
Q00S7 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 


1025 
1027 
1029 
102A 
1028 
1020 
102F 
1031 
1033 
1035 
1036 
1037 
1039 
1038 


1FF6 


1FF6 
1FF8 
1FFA 
1FFC 
1FFE 


1F OA 
BE 81 
OF 
4C 
A4 OF 
Bi 80 
2? OA 
Bé Ol 
E? 82 
OF 
4C 
A4 OF 
Br 81 
80 


1000 
1025 
1025 
1025 
1025 





DK DC HCI IC DAC IC DIK DC I KK CICK CEC DIC IK IK 2K IC IC EC IC IK 24K IC IK DIK IC IK 2 21 2K DIK 2G IK DI DIK IC 21C IK C DIC IC C 3IC IK K 


2 x 
mK NAME KEYIN CRECEIVE KEY DATA) * 
> * 
OOOO OOK OOOO OOO OOOO OOOO OK IO IOKIOK IO 
> *« 
>K ENTRY : NOTHING > 
RETURNS =: NOTHING * 
x * 


DH CI DC I DC DICK DC IK ICC COICO OIC IC DIC IC IC IC CK HC IC 2K IC DIK IK DIK IC EC IK I DCC OIC EC IK IC IK IC IK IC IC IK 2 2K 


KEYIN BCLR 7,.MR Enable INT2 inturrupt 

LOX PE Increment end pointer 

TXA Transfer IX to ACCA 

INC A Increment ACCA 

AND HSOF Clear upper 4 bit 

CMP PS Start pointer=end pointer 7? 

BEQ KEYINI Branch equal 

LDA PBDTR Load data from key boad 

STA KEYBUF.X Store in roll buffer 

TXA Transfer IX to ACCA 

INC A Increment end pointer 

AND HSOF Clear upper 4 bit 

STA PE 
KEYIN1 RTI 
DKK DECK IK IK HC IK CEC IC IK CCC HCCI C CIC IK IK DK IK IK CIC IC IC IK IC IK DICK IC DIC IK KKK IC DK IK KK KK 2k 
* *K 
VECTOR ADDRESSES * 
* > 


DK DE HE DIK CK DK DC ICC IK HC CHC IK CK CK DIC ICDC DK DC IC ICC DIK DIC IK DC ICC IC CK 2K ICI IK 2K 2K IK 2K 2 I 3K 2K 
*K 


ORG  $1FF6 
* 

FOB KEYMN SCI/TIMERZ2 

FOB KEYIN TIMER/INT2 

FOB KEYIN INT 

FOB KEYIN SWI 

FOB KEYIN RES 
*K 

ENO 
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11. SCI CLOCK SYNCHRONOUS (EXTERNAL CLOCK) | 


11.1 HARDWARE DESCRIPTION 


748 


(1) 


(2) 


(3) 


Function 


(a) 


(b) 


(c) 


Receives ASCII sent from master as clock synchronous 
serial data using the HD6305X0, converts the received 
data from ASCII lowercase into uppercase and sends it 

to master system. 

Converts ASCII lowercase into uppercase, if lowercase is 
received. 


Uses protocol sending data from master system first. 


Microcomputer Application 


(a) 
(b) 


Transfers data to/from master system using clocked SCI. 


Transfers data by sending CK request to master system 
and receiving transfer clock from master system using 


port C bit 4. 


Circuit Diagram 


MCU 
HD6305X0 
+5y (HD6305Y0) 






Fig. 1 SCI Serial Communication 


HITACHI 


(4) Pin Functions 


Pin functions at the interface between the HD6305X0 SCI pins 


and master system pins. 


Table 1 Pin Functions 


; Active Pin Name 
Pin Name Level Punees Macter Program 
(HD6305X0) (High Eee: ) | Label 
se Low) system 


Inputs transfer clock when 
receiving/sending serial data 


Serial 
Outputs serial data data 


Requests trans 
q fer clock to PCDTR 
output to master system ; 


(5) Hardware Operation 


Sade 
a 





SCI timing chart is shown in Fig. 2. 


Holds SDR data to be sent. 


CK ewer 


signal 
Transfer CK 


Tx 





CK ) 


Receive} Rx Coy X_X_X_ XXX SE 


Received data 
input latch timing 





Set SSR bit 7. 


Fig. 2 SCI Timing Chart 
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11.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for SCI communication with 


master system is shown in Fig. 3. 


SCISMN 


MAIN | 0 | 
PROGRAM 


SCISTD J 
SCI SLAVE SCI SLAVE CONVERT ASCII | 3) 


RECEIVE TRANSFER LOWERCASE INTO 
| UPPERCASE 





Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


Communicates with master system using 
arn penne ea clocked synchronous interface SCI. 
SCI [sor stave RecEnvE RECEIVE SCISRD Receives data from master system using 
external clock. 


Sends serial data to master using 
external clock. 










SCI SLAVE TRANSFER SCISTD 
















Converts ASCII lowercase into uppercase. 
See subroutine TPR in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for details. 


CONVERT ASCII 
LOWERCASE INTO 
UPPERCASE 
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(3) Program Module Application (Main Program) 


Flowchart in Fig. 3 is an example of receiving ASCII from master 
system, converting ASCII lowercase into uppercase and sending it 


to master system, performed by the program module in Fig. 3. 


SCISMN Main Program 


$10>PCDTR 
$10°>PCDDR 
----- Initialize SCISOK (RAM). 


-----| Sets CK request signal to High. 


$FO>SCR eee Sets serial clock transfer rate and 
selects internal clock source. 
Enables SCI interrupt and clears SCI 
ee eeeeee request flag. 


(SDR)*ACCA -----| Dunny-reads and clears SDR. 


SCISM1 


(0,SCISOK)=0 { 


Enables interrupt. 


<(0,SCISOK}=0 ----+ Tests if data is received from master system. 






(0,SCISOK)=1 
| (SCIRDA) ____| Stores received data in entry argument 
+ACCA = of program module TPR. 


10-0,SCISOK| ----- Clears flag indicating data receive. 


Calls subroutine TPR. 
See subroutine TPR in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE) for 


details. 
Calls program module SCISTD and send 
data to master system. 





SCI Interrupt Routine 


_____| Executes program module SCISRD and 
receives data from master system. 





Fig. 4 Program Module Flowchart 
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11.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME SCI SLAVE RECEIVE MCU/MPU | |HD6305X0/YO} | LABEL | |SCISRD 
FUNCTION 


Receives data sent from master system and stores it in SCIRDA(RAM). 


ARGUMENTS CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 
Storage Byte 


4-]-]- 
Argu- 
G 
a 





















@ : Not affected 
x : Undefined 
: Result 


Stack (Bytes) 


No. of cycles 


Interrupt 


RAM (Bytes) 
ments 
Received | SCIRDA 
data (RAM) 
Re- 


turns 













Existence 


of receiv- SCISOK 


(RAM) 





| DESCRIPTION 
(input) 


(1) Function Details @ Input 1 
Rx pin 
(a) Argument details 0 











t f 
SCIRDA(RAM): Contains data sent Bit O Bit 7 
from master system. b7 SCIRDA bO 
) @) Return SCIRDA 4 3 
SCISOK(RAM) : Indicates existence argument 1-byte data 
of received data. ('c'=$43) 
SCISOK(RAM)=1: Data is received SCISOK(RAM) ,SCISOK 
from master system. ($01) 








Fig. 5 Example of SCISRD Execution 











SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number 
of cycles are needed when having no wait time for receiving 
data. 
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) PROGRAM MODULE NAME ) PROGRAM MODULE NAME NAME | Scr SLAVE RECEIVE | SLAVE RECEIVE cu PU 11D6305x0/¥0, LABEL ScrsRy 


[_pesceirrion —_| 


SCISOK(RAM)=0: No data is received 
from master system. 
(b) Program module SCISRD execution 
stores contents of SCI data 
register in SCIRDA (RAM). 
(c) SCISRD calls neither program 
modules nor subroutines. 


(2) User Notes 
(a) Initializes SCR. 


(b) When program module SCISRD is used, resetting system (in case of power on 
reset, supplying power should be performed from master system. 


(c) Program module SCISRD should be called before master system begins 
to send data. | 
(d) Program module SCISRD loops until sending data from master system is 
completed. 
(3) RAM Description 


Lab 
abel b7 RAM b0 Description 


SCIRDA Stores received data. 
SCISOK Stores existence of received data. 
(4) Sample Application | 


Program module SCISRD is called if SDR is dummy-read, bit I is 
cleared, data is received after I/O port is designated and SCR 


and SSR are initialized. 
1 
{ 


LDA #$10 
STA PCDIR: (Fieve eS Sets port C bit 4 to High. 
STA PCDDR 
LDA #SFO | es ees Sets transfer rate and selects internal 
STA SCR ~ glock source. 
no bea } -~ —-—-- Enables SCI interrupt. 
LDA SDR #----- Dummy-reads and clears SDR. 
CL1 - —--- Enables interrupt. 
LOOP BRCLR 0,SCISOK,LOOP — - - Waits for receive completion. 
LDA SCIRDA —- —- —- —-- Loads received data into ACCA. 


BCLR O;SCISOK == === Clears flag indicating receive completion 


(5) Basic Operation 


(a) Receives serial data using SCI interrupt routine. 
(b) SCI interrupt routine is generated at serial data transfer/receive. 


(c) If SCI interrupt is generated after serial data is transferred, either 


transfer or receive is decided by considering CK request signal being 
output. 
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| PROGRAM MODULE NAME | MODULE NAME | SCI SLAVE RECEIVE SLAVE RECEIVE | Mcuseu D6305x0/¥o! LABEL, scrsRD 


[ _Ftowcuarr 





SCISRD 


SCISRD 





_...| Tests whether transfer or receive 
completion. 


Releases CK request signal. 


----| stores received data in SCIRDA(RAM). 


--—| Sets flag indicating data receive. 





SCSRD2 


an 


Clears SCI interrupt request flag. 
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| PROGRAM MODULE NAME MODULE NAME SCI SLAVE | Scr SLAVE TRANSFER | | cu /su | | ucu/pu | [iD6305x0/¥0 jLaBeEL scrsty 


[Function | 









Sends data of ACCA to master system. 


ARGUMENTS | ee ae IN CPU | sPecrPicarions 
REGISTERS AND | ee ae 


Contents ROM Oe 
RAM (Bytes) 
Stack (Bytes) 


No. of cycles 


Interrupt 


ACCA __ b0 















Storage Byte 
Location | Lgth. 


Data to 
Entry Be eee ACCA 
Argu- 
ments 
ae 
















: Not affected 
: Undefined 
: Result 























[_vescrzerion | @ Entry ACCA b7 
argument }1-byte data[_4 3 J 
('c'=$43) 
So einer ine mea SCI data b/ b0 


SDR 
(a) Argument details register 


ACCA: Holds data to be sent to K rool ||| UH] tT 
@ Result 


master system. 1 









(b) Program module SCISTD execution {Tx pin 
transfers contents of ACCA to 0 ; 
SDR and sends them to master. Bit 0 Bit 7 
(c) SCISTD calls neither program Fig. 6 Example of SCISTD 


modules nor subroutines. 


SPECIFICATIONS NOTES 


Execution 
















"No. of cycles" in "SPECIFICATIONS" represents number of 
cycles needed when having no wait time for transfer 
completion. 
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PROGRAM | PROGRAM MODULE Nan | NAME SCI SLAVE SCT SLAVE TRANSFER — cue D6305x0/¥0 LABEL scrsmp 


[__pescrrerion | 


(2) User Notes 
(a) Selects bit 4 of port C as output. 
(b) Initialize SCI. 
(3) RAM Description 
RAM is not used by program module SCISTD. 
(4) Sample Application 


Call SCISTD after selecting I/O port, initializing SCR and SSR and storing 
data to be sent. 


WORK1 RMB 1 -—--—- Reserves memory byte for loading 

data to be sent in user program. 
t 

LDA #$10 

STA PCDTR -—-- Sets port C bit 4 to High. 

STA PCDDR 

LDA #SFO } 

STA SCR -~--- Selects external clock source. 

LDA #$18 } 

STA SSR —--- Clears SCI interrupt request flag. 

LDA WORK1 } —~-—- Loads data to be sent into entry argument. 


JSR SCISTD | —-—-- Calls program module SCISTD. 


(5) Basic Operation 


Loads data to be sent into SDR and outputs CK request signal. 
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PROGRAM MODULE NAME SCI SLAVE TRANSFER MCU/MPU | |HD6305X0/YO] | LABEL | |JSCISTD 
FLOWCHART 


Loads data to be sent into SDR. 


Outputs CK request signal to master system. 
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11.4 


11.5 PROGRAM LISTING 


00001 
00002 
00003 
00004 
0000S 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
0002S 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
000S0 
00051 
00052 


000853 1023 09 02 08 SCISRD BRCLR 4.PCOTR.SCSRD1 


0080 


0080 
0081 


1000 


1000 
1002 
1004 
1006 
1007 
1009 
1008 
1000 
100F 
1011 
1013 
1014 
1017 
1019 
1018 
1O1E 
1021 


0001 
0001 


0002 
0006 
0010 
0011 
0012 


AG 
B? 
B? 
4F 
Br 
AG 
BV | 
AG 
B? 
Bé 
9A 
O01 
Bé 
11 
CD 
CD 
20 


00084 1026 Bé6 12 
Q000SS 1028 B7 80 
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SUBROUTINE DESCRIPTION 


* 


This application example calls no subroutines. 


2K HOK KC RAM ALLOCATION MOR OOOO IOKOIOROK ORO OOK HOR HOR OK OK 
>» 

ORG $80 
Kk 
SCIRDA RMB 1 Received data 
SCISOK RMB 1 Existence of received data 
*« 
OK HOOK SYMBOL DEFINITIONS FORK OOOO OK OK IOK IOI OKO OK KOK 
* 
PCOTR EQU $02 Port C data register 
PCDDR EQU $06 Port C data direction register 
SCR EQU $10 SCI contorol register 
SSR EQU $11 SCI status register 
SOR EQU $12 SCI data register 
FROROOIOOOOROOIOR ROR IO IO FORO ORO ORO FOR HOR FOR OOK IOK HOR OK HOR IOKOK OK 


K 
*K 
*K 


*« 


SCISMN > 
> 


MAIN PROGRAM 


HE HEI OK FIC OIC IK OI IC IOI HOF HOF HCOOH OKO aE FOIE HOIOHOHOIC IE ICICI IC IC HOI ICO KK 
*« 

ORG $1000 
*K 
SCISMN LDA HS10 

STA PCOTR Initialize port C 

STA PCODR Select port C bit 4 as output 

CLR A Initialize SCISOK 

STA SCISOK 

LDA KSFO Initialize SCR 

STA SCR 

LDA H$18 Initialize SSR 

STA SSR 

LDA SOR Dummy read of SOR 

CLI Enable interrupt 
SCISM1 BRCLR O.SCISOK.SCISM1] Test if received data 

LDA SCIRDA Load received data 

BCLR O,SCISOK Crear received data flag 

JSR TPR Convert into Lowercase 

JSR SCISTO Output data to master 

BRA SCISM1 
HOROHOHOKOIOKOIOK OKO ORK ROK HOFOIOHOOIOHOROOK OOK KOKO OK OOK OK KOK IOI HOOK IKK OOK ICO 
* * 
* NAME SCISRD (SCI SLAVE RECEIVE) K 
K * 
MEK HO IK IC HE HC IC CK IC KC IKK OK ICC KK CE HOHE IC IE IHC IHC HOOK IC KKK KK OEOK IC KK 
Kk 
K ENTRY NOTHING > 
K RETURNS SCIRDA CRECEIVED DATA) * 
*« SCISOK ¢SCISOK=1; TRUE, 
« SCISOK=0;FALSE) *K 
« | Kk 
DEK KK CIE IC ICICI ICICI OIC HOE IC OHO IOC ICC ICC OK IC IE IKK IOI IK CHO HOOK 


Test if Tx or Rx 


LDA SOR Store received data 
STA SCIRDA 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 


102A 
102C 
102E 
1030 
1032 
1034 


1035 
1037 
1039 


103A 
103C 
103E 
1040 
1042 
1044 


1FF6 


1FF6 
1FF8 
1FFA 
1FFC 
1FFE 





10 81 
20 02 
18 02 
Aé 38 
Br 11 
80 


B? 12 
19 O02 
81 


Al 61 
25 06 
Al 7A 
22 OZ 
A4 DF 
81 


1023 
1000 
1000 
1000 
1000 


BSET O,SCISOK Set received data flag 
BRA SCSRD2 Branch SCSRD2 
SCSRD1 BSET 4,PCDTR Set CK=1 
SCSRD2 LDA #$38 Clear interrupt request f 
STA SSR 
RTI 
DEC DK IK DIK DIK IK DEK IK IK IK EK IC CICK IC EEC IC IKK HCE OK RCC ICC IC EC IC HK ECC IKI IK IK IC IC KK DICK KK 
1K kK 
* NAME SCISTD CSCI SLAVE TRNSFER) > 
nN K 
FOROORORORO OOOO IOI KOK OOOO OOIOROIOK ORO IOI OIOK KK OK KOK KK 2K 2K 
* > 
> ENTRY ACCA CDATA TO BE SENT) * 
*« RETURNS NOTHING a 
* > 


DK KDE II CK CICK CK IC IC IC OKC ICIHOICK K ICK DIK COK 2IC IC K ECIC I HOK IC K IK ICK ICOK ICOK >K 


SCISTO STA SDR Store transfer data 

BCLR 4,PCOTR Set CkK-pin=0 

RTS 
NOOK OOK OOOO OOOO OOO OOO OK OR OOOO OK KK 
K > 
K NAME TPR CCONVERTING ASCII LOWERCASE K 
> INTO ASCII) * 
* *K 
FOR OOOO OOOO FOR OOO OOOO OK OK OK FOR IO IORI OOOO OK OKI OK IK 
TPR CMP H'a ACCA - ‘at 7 

BCS TPR1 Branch if ACCA < ‘a' 

CMP #'Z ACCA - ‘'z' ? 

BHI TPR1 Branch if ACCA > ‘'2z' 

AND HSOF Convert Lowercase to Uppe 
TPR1 RTS 
FOO FORO OOOO IOI HORI IO OKO OOK KOK KK 
*« *« 
> VECTOR ADDRESSES * 
*K *K 


DK DK DIK CK ICO DIC CHOC CCC ICICI HCIC ICCK HOK H HOHE HOC HCC KK IK IK IK KOK HOI 2 
*K 


ORG SIFF6 
*K 
FOB SCISRO SELATAMERZ 
FDB SCISMN TIMER/INT2 
FDB SCISMN INT 
FDB SCISMN SWI 
FOB SCISMN RES 
END 
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12. SCI CLOCK SYNCHRONOUS (INTERNAL CLOCK) 


12.1 HARDWARE DESCRIPTION 
(1) Function 


(a) Transfers clock synchronous serial data to slave system, 
and receives data from slave. 


(b) Handshakes using transfer/receive control signal to 


transfer or receive data. 
(2) Microcomputer Applications 


(a) Transfers data to/from slave system using clock synchro- 
nous SCI. | 

(b) Inputs CK request signal to bit 3 of port C from slave 
system. Outputs transfer rate clock to slave system 
considering input state and receives data. 

(c) Outputs transfer request signal from bit 4 of port C to 


inform data transfer to slave system. 


(3) Circuit Diagram 


MCU 
HD6305xX0 
(HD6305Y0) 







Transfer 
request 


——-——7;signal28 
CK request 
signal29 C3 

Rx 25 





r 
| 
! 
Siave 
! 
l 
& 

4 

j 

i 

i 

i 


r 
l 
! 
I 
| 
f 
i. 


Fig. 1 Clock Synchronous SCI Circuit 
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(4) Pin Functions 


Pin functions at the interface between the HD6305X0 SCI pins and 


slave system are shown in Table l. 


Table 1 Pin Functions 















Active ; 
; P 
Pin Name | Input/]| Level Poser een ae 
(HD6305X0) | Output | (High 
system) 
or Low) 


Outputs transfer clock. BEELat 
clock 
Serial 
Receives data. data 
| output 


Serial 
data 

input 
CK 
request 
signal 


=e 
=e 
(5 













Transfers data. 





















Inputs transfer clock 
request from slave. 
Outputs clock if low. 


ae | tw 
Seam aol 
) 


Hardware Operation 








Transfer 
request 
Signal 






Informs transfer start 
to slave. 






SCI timing chart is shown in Fig. 2. 


Transfer De data to be sent into SDR 


Transfer request — | 
Signal (C4) 
cK — UUUUUUUU 


Tx (ESBX_ XX XX __X__X_MSB 





/-——— slave sends data 
Receive max’10us 
CK request signal | | | 
(C3) 
CK / 


Rx vEsBXL XXX __A_X_X_MSB 


Receive data 
latch timing 


Fig. 2 SCI Timing Chart 
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12.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for serial communication with 


slave system is shown in Fig. 3. 


SCIMMN 








SCIMTD SCIMRD 









SCI MASTERLL SCI MASTER L-24 
TRANSFER RECEIVE 


Fig. 3 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


Sends data to slave system and receive it 
MAIN PROGRAM SCIMMN from slave system without change by using 
the HD6305xX0 SCI. 
l SCI MASTER TRANSFER | SCIMTD Sends serial data to slave system using 
internal clock. 
2 SCI MASTER RECEIVE | SCIMRD Receives data from slave system using 
internal clock. 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 4 is an example of sending serial data to 


slave system and receiving it from slave system, performed by the 
program module in Fig. 3. 


SCIMMN Main Program 
SCIMMN 
$10>PCDTR 
----+ Sets transfer request signal to High. 

$10+PCDDR 

0O>SCIMOK ----| initializes SCIMOK (RAM) 

SE3>SCR | ---- Initializes serial clock transfer rate 

and selects internal clock source. 


Stores data in entry argument of 

$41>SCITDA | ---- program module SCIMTD. 
SCIMTD | aaa 
| SCIMRD | aes 


Calls program module SCIMTD and 
transfer data to slave system. 


receives data from slave system. 


Tests if data is received from 





bere program module SCIMRD and 


BS a 
Slave system. 
(Bit C)=0 
(ACCA) #$4 
<tr> | Tests if received data equals sent data. 
(ACCA)=$41 





Fig. 4 Program Module Flowchart 
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12.3 PROGRAM MODULE near gor 


} PROGRAM NODULE NAME. NAME | SCI MASTER TRANSFER MASTER | SCI MASTER TRANSFER | ucuneu 1106305x0/v9] | LaBer. ‘Lane ScIMTD 


[Function 
















Sends data in SCITDA(RAM) into slave system using internal clock. 


ARGUMENTS a IN CPU SPECIFICATION 
a AND FLAGS 


Contents ROM (Bytes) 


RAM es 
Stack (Bytes) 


ee tO oma 
We. of eyeies_|| 
a 


















Storage 
Location | Lgth. 


Entry nes to SCITDA 
sent (RAM) 
Argu- 

ments 

eae 





: Not affected 
: Undefined 
: Result 










b/ SCITDA bO 





DE [ _pescarprion | 
= @ Entry ae 
argument pease | 
1) Function Details ('C'=$43) 
ti = : SCI data b7 SDR __bO 
(a) Argument details register 
SCITDA(RAM): Holds data to be sent CK 
to slave system. pin 
(b) Program module SCIMTD execution l 
loads entry argument content  @ Output; Tx 
into SDR and sends it to slave pin, 
system. : { 
(c) Program module SCIMTD calls Bit 0 Bit 7 


neither program modules nor 
subroutines. 


SPECIFICATIONS NOTES 


Fig. 5 Example of SCIMTD Execution 
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| PROGRAN MODULE NAME | PROGRAN MODULE NAME NAME SCI SCE MASTER TRANSFER TRANSFER | cu/ru | 1106305x0/¥0 Lape scr 


[ __escererion —_ 


(2) User Notes 


(3) 


(a) Initializes SCR. 


(b) When using program module SCIMTD, resetting system (in case of power on 
reset, activating power) is performed master reset firstly, then reset 


slave system secondly. 


(c) Sets slave to receiving state before program module SCIMTD execution. 


(d) Program module SCIMTD loops until sending data is completed. 
RAM Description 


Label RAM Description 
bO b/ 


SCITDA Stores data to be sent. 
SCIMOK Indicates data. 


(4) Sample Application 


Calls program module SCIMTD after selecting I/O port, loading data to be 
sent and initializing SCR. 


| 
LDA #$10 
STA PCDTR ---- Sets bit 4 of port C to High. 
STA PCDDR 
LDA #SE3 } 
is) “ae sae tok k : 
STA SCR Selects internal clock source 
LDA #$41 
CTA SCITDA }---- Loads data to be sent into entry argument. 


| JSR SCIMTD ---- Calls program module SCIMTD. 


(5) Basic Operation 


(d) 


(a) When transfer request signal is output, CK request signal may output 


from slave system with the same timing. Then, 12us software timer is 
executed and CK request signal is tested after CK request signal is 
output. 


(b) Transfers received serial data if CK request signal is output. 


(c) Goes to the next step after SCI interrupt request flag is set and 


transfer/receive completes. 


received. 
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When serial data is received, retains transfer request in output state 
until main program processes received data so that next data can not be 
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PROGRAM MODULE NAME, SCI MASTER TRANSFER MCU/MPU | |HD6305X0/YO| } LABEL | SCIMTD 
FLOWCHART SCIMTD 


' SCIMTD 
0-4, PCDTR 


= 


Sends transfer request signal to slave 
system. 


Executes 12us software timer. 







Selects SCI interrupt and clears 


| $36 > Sse | $36 > Sse SSR SCI interrupt request flag. 





(3, PCDTR)=0 G, PoDTR Tests CK request signal from slave 
ystem. 
G, ee 
[ER Stores data to be sent. 
| pees 


(7,SSR)=1 
Dummy~reads SDR and places SCI in 
receive possible state. 


Tests SCI pene request flag. 


Selects external SCI clock source. 
Stores serial data in return argument. 


Selects internal SCI clock source. 


1+0, SCIMOK 
(0, SCIMOK)=1 ioe. 


(0, SCIMOK)= 


Sets flag indicating data receive. 


Tests if senian data is eoveiwed during 
transfer. 


} 194 ,PCDTR: PCDTR Releases transfer réquest Signals 


Panini 


0-0, SCIMOK | 


er 
7 
al 
“{ 
gS | test (ek dean aie Bae 
4 
4 
4s 
; 
4 
4 
J 
a 
ac 


Clears flag indicating data receive. 
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| PROGRAM MODULE NAME MODULE NAME | SCI MASTER RECEIVE MASTER RECEIVE | Nou/eu 11p6305x0/¥0|| Lape. Lape SCIMRD 


[ Function 


(1) Outputs serial clock and receives data from slave system. 


(2) Permits outputting when slave system cannot output serial clock. 


CHANGES IN ee ee | spxcrrrcartons 
ee ee AND FLAGS 


: Not affected 

>: Undefined ca a 
RAM (Bytes) 
Stack (Bytes) 


No. of cycles 










ARGUMENTS 


Contents 





Storage Byte 
Location} Lgth. 


Entry 
Argu- 
ments 
1 








3 


Interrupt 


Received 
_ 


Existence 
of 

received 
data 


ee 





DESCRIPTION 


(1) Function Details 


(a) Argument details 
ACCA: Contains data received 
from slave. | 


Bit O 
Bit C(CCR): Indicates existence 
of received data. Bit C b7 ACCA bO 


@ Return ACCA 
Bit C = 1 : No data is received argument amor Cl 


Bit 7 





from slave system. 


Bit C : Data is received Fig. 6 Example of SCIMRD 


from slave system. Execution 
SPECIFICATIONS NOTES 
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PROGRAM | PROGRAM MODULE NAME NAME SCI | Sct MASTER RECEIVE RECEIVE cu /eey | 1106305x0/¥0 LABEL scr 


[ _pescrrprion | 


(b) Program module SCIMRD execution contains SDR contents in return 
argument ACCA. 


(c) Program module SCIMRD calls neither program modules nor subroutines. 


(2) User Notes 
(a) Initializes SCR. 


(b) When program module SCIMRD is executed, set bit 3 and bit 4 of data 
register port C to "1". 


(c) Goes to transfer possible state in slave system before program module 
SCIMRD execution. 


(d) Program module SCIMRD loops until receiving data from slave system is 
completed. 


(3) RAM Description 


RAM is not used by program module SCIMRD 


(4) Sample Application 


Calls program module SCIMRD after selecting I/O port and initializing SCR. 
| 


LDA #530 
STA PCDTR ---Sets bit 3 and bit 4 of port C to High. 
STA PCDDR 
LDA #SE3 ~--Selects internal clock source. 
STA SCR 
LOOP | JSR SCIMRD || ---Calls program module SCIMRD. 
BCS LOOP _---Tests receive completion. 


( 
(5) Basic Operation 


(a) Checks transfer request signal to test if data is received after 
outputting the signal. 


(b) Tests if CK request signal has been output from slave system. 


(c) If output, sets SCI interrupt request flag, and stores serial data in 
return argument after checking that serial data is received. 
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PROGRAM MODULE NAME SCI MASTER RECEIVE MCU/MPU | |HD6305X0/YO] |} LABEL | jSCIMRD 
FLOWCHART 


SCIMRD 


SCIMRD 


(4,PCDTR)=0 (,,PCDTRI> wee Tests if data has been received during 
’"=0 program module SCIMTD execution. 


SCMRD1L 








----- | Releases transfer request signal. 


----- | stores serial data in return argument. 


+ ests CK request signal from slave system. 


Disables SCI interrupt and clears SCI 
—< interrupt request flag. 


Dummy-reads SDR and mades SCI receive 
possible state. 


~—] eses SCI interrupt request flag. 


eseue | setects external SCI clock source. 





(SDR)-*ACCA 





----- | stores serial data in return argument. 






SE3*SCR | Selects internal SCI clock source. 





Stores flag indicating serial data 
receive in return argument. 
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12.4 SUBROUTINE DESCRIPTION 
This application example 


12.5 PROGRAM LISTING 


calls no subroutines. 


00001 > 
00002 KOK OK OK RAM ALLOCATION OOOO OK OK HOR OOK IOK OOK HOR OR OIOK OK 
00003 > 
00004 0080 ORG $80 
0000S > 
00006 0080 0001 SCIMOK RMB 1 Indicate of receiving data 
00007 0081 OO001 SCIRDA RMB 1 Received data 
00008 0082 0001 SCITOA RMB 1 SCI output data 
00009 * 
00010 OK KOK SYMBOL DEFINITIONS ROOK HOR KOKORO HOR OK HOOK OOK HOOK HOK 
00011 *« 
00012 0001 PCOTR EQU $01 Port C data register 
00013 0006 PCDOR EQU $06 Port C data direction register 
00014 0010 SCR EQU $10 SCI control register 
0001S 0011 SSR EQU $11 SCI status register 
00016 0012 SOR EQU $12 SCI data register 
00017 FOO OOOO OOK OOOO OOK OK OOK IORI OOK IO IOI IO GIOK OK HOR K 
00018 x * 
00019 > MAIN PROGRAM SCIMMN K 
00020 a *« 
00021 OOO OKO IOIOROOIOOOI OR IOI OR IOI OOK IOI OK ORO OR IO HOR OK OK HOR OK HOR OK 
00022 > 
00023 1000 ORG $1000 
00024 > 
00025 1000 A6 10 SCIMMN LOA H$10 Initialize port C 
00026 1002 B7? Ol STA PCOTR , 
00027 1004 B? 06 STA PCDOR Select port C bit 4 as output 
00028 1006 4F CLR A Initialize SCIMOK 
00029 1007 B? 80 STA SCIMOK 
00030 1009 A6 E3 LDA HSE3 Initialize SCR 
00031 1008 B7 10 STA SCR 
00032 1000 A6 41 SCMMN1 LDA H$41 Store output data 
00033 1lOOF 87 82 STA SCITDA 
00034 1011 CD 1043 JSR SCIMTO Output SCI data 
00035 1014 CD 101F SCMMN2 JSR SCIMRD Receive SCI data 
00036 1017 25 FB BCS SCMMN2 Loop until receive data 
00037? 1019 A3 41 CPX H$41 Test if Tx data=Rx data? 
00038 101B 26 FO BNE SCMMN1 Branch if not equal 
00039 1010 20 FE PEND BRA PEND End of program 
00040 FOR OOO IO ORO IORI OOOO OKO OOK FORO OI OR OO OR KOK FOR OR OIOK KOHOK 
0004 1 *K * 
00042 * NAME SCIMRD (SCI MASTER RECEIVE) > 
00043 * *« 
00044 OOOO IO OOO OOOO OK IO OR OR OOOO OOOO OR OIOI OK HOOK OK OK OK 
00045 * * 
00046 > ENTRY NOTHING > 
00047 a RETURNS ACCA CRECEIVED DATA) « 
00048 x CARRY ¢(C=0; TRUE.C=1:FALSE)D K 
00049 *« * 
O00SO FOOOIOOIOIOKOIOO OK OR IOI OOK OK HOR IO FORO TOR FOR HOR IOI OK HOR FOR I HOR KHOI OK 
000S1 101F 09 01 18 SCIMRD BRCLR 4.PCOTR.SCMRD1 Branch if Rx=0 
00052 1022 06 O1 I1C BRSET 3,PCOTR.SCMROD4 Branch if CK=0O 
00053 1025 A6 38 LDA $38 Initialize SSR 
00054 1027 B7? 11 STA SSR 
0005S 1029 Bé 12 LOA SOR Execute dummy read 
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00056 
000S7 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
00077 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 
00110 
00111 
00112 
00113 
00114 
00115 
00116 


1028 
102E 
1030 
1032 
1034 
1036 
1038 
103A 
103C 
103E 
103F 
1041 
1042 


1043 
1045 
1047 
1048 
104A 
104C 
1O4E 
1051 
1053 
1055 
1058 
1058 
105D 
10SF 
1060 
1062 
1065 
1067 
1069 
106B 
106D 
106F 
1071 
1073 


1FF6 


1FF6 
1FF8 
1FFA 
LFFC 
1FFE 


OF 


A6 
B? 
Bé 
AE 
BF 
20 
18 
Bé 


20 
99 
81 


19 
AE 
SA 
26 
A6 
B? 
07 
Bé 
Br 
OF 
00 
18 
11 
81 
BE 


Aé 
B7 
Bé 
B7 
A6 
B? 
10 
20 


11 FD SCMRO2 BRCLR 7.SSR.SCMRD2 Loop until received data 


F3 
10 
12 
E3 
10 
04 
01 
B81 


01 


O01 
02 


FO 
38 


11. 


O1 
82 
12 
11 
80 
O01 
80 


12 
11 
FS 
10 
12 
81 
E3 
10 
80 
D2 


1000 
1000 
1000 
1000 
1000 


SCMRD 1 
SCMRD3 


SCMRD4 
SCMRDS 


LDA 
STA 
LDA 
LOX 
STX 
BRA 
BSET 
LDA 
CLC 
BRA 
SEC 
RTS 


HSF3 Select SCI as event input 
SCR 
SOR Load received data 
HSE3 Select SCI as no clock input 
SCR 
SCMRD3 
4,PCOTR Set Rx=1 
SCIRDA Load SCI data 
Clear bit C 
SCMRDS 
Set bit C 


2OIOIOIOOIORIOIO IOIOK OK IOI OKO OR OROR OK HOR OR IOIOK IK IOFOK HOOK IOI OK HOR IOHOK HOOK 2K 


* 


* NAME 


* 


* 


SCIMTD (SCI MASTER TRANSFER) * 


* 


OR OK OK OIOR OOK HOIOI OR OIOIOFOK FOROROIOR ORO HOROFOHOIC I IOR OIC I ICICI ICO HOC ICC KCK >I OK 


* 
*K 


ENTRY 


* RETURNS 


* 


* 
SCITODA CTRANSFER DATA) * 


NOTHING * 
* 


OK OIOIOIOIOROIOROROROFOROHOFOHOIOHOFOROHOR DK HOH HOR HOHOHOHO HO HO HO HO CIC IC ICI IC ICOIOHOHC OK 


SCIMTO 
SCMTO1 


OF 


FD SCMTD4 


02 
SCMTOS 


SCMTO2 


FD SCMTOD3 


YROROIOKOK HOR OR IOHOR IOIOIOR HOR OIOROFOR FORO ORK OOROHOIOFOROIOIOHOIC IOI HOFOIOK HOOK I IC 


*K 
* 
* 


BCLR 
LDX 
DEC 
BNE 
LDA 
STA 
BRCLR 
LDA 
STA 
BRCLR 
BRSET 
BSET 
BCLR 
RTS 
LOX 
BRCLR 
LDA 
STA 
LDA 
STA 
LDA 
STA 
BSET 
BRA 


4,PCDTR Set request Low 


#2 Execute software timer 
X 

SCMTO1 

K$38 Mask SCI interrupt 

SSR 


3,PCOTR.SCMTDOD2 Branch if CK=0O 

SCITOA Store transfer data 

SOR 

7,.SSR.SCMTD4 Loop until received data 
O.SCIMOK,SCMTOS Set Tx=0 

4,.PCOTR Set request high 

0O,SCIMOK Clear SCI receiving flag 


SOR Execute dummy read 
7.SSR.SCMTD3 Loop until received data 


HSF3 Select SCI as event input 
SCR 

SOR Load transfer data 

SCIRDA 

HSE3 Select SCI as no clock input 
SCR 

O.SCIMOK Set SCI receiving flag 
SCMTD1 


* 


VECTOR ADDRESSES * 
* 





DE IC RROHOHOHOK I OHOHC IK ROK HOF OHOIIOHOIOHC ICI CHC ICI OHO IC IK OIC ICICI ORO HOK KC KK 


* 


* 


ORG S$1FF6 
FOB SCIMMN SCI/TIMER2 
FDB SCIMMN TIMER/INT2 
FOB SCIMMN INT 
FOB SCIMMN SWI 
FOB SCIMMN RES 
ENO 
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13. LIQUID CRYSTAL DRIVER (HD61100A) CONTROL 


13.1 HARDWARE DESCRIPTION 
(1) Function 


(a) Controls LCD driver HD61100A using the HD6305X0 to display 


numerals (from 0 to 9) on LCD. 


(b) Liquid crystal displays with 8 segment < 10 digits 
using dynamic drive. 


(c) Transfers 10 digits segment data from the HD6305X0 to 
HD61100A. 


(2) Microcomputer Applications 


(a) Port C controls HD61100A control signals (M and CL ) and 
common signal of liquid crystal, and displays numerals 
on liquid crystal. | 

(b) Controls HD61100A control signals (CLy and DL) by using 
clocked synchronizing SCI within the HD6305X0 and 
transfers display data to HD61100A. 


(3) Circuit Diagram 
MCU 

HD6305X0 

(HD6305Y0) 










| 4a 
4MHzc 6 ; F; Vir V4. V4R V2L V2R V3L V3R 
OLEATE 


V 
36 EE 


HD61100A 


M CLI CL2_DL 8-segment x 10-digit 


44 40 





Fig. 1 HD61100A Control 
HITACHI 


772, 


(4) Pin Functions 


Pin functions at the interface between the HD6305X0 and HD61100A 
are shown in Table 1. 


Table 1 Pin Functions 


Active 
Pin Name | Input/| Level . Pin Name | Program 
(HD6305X0) | Output | (High une rton (HD61100A)| Label 
or Low) 


Alternate signal of LCD 
driving output. 


Outputs LCD driving signal 
at the falling edge. 


Triggers display data at 
the falling edge. 
Inputs display data. 


(5) Hardware Operation 





Control signals (M, CL 1, CL2, DL) of HD61100A and LCD common signal 
are controlled by the HD6305xX0 clocked synchronizing SCI and port. 
The timing chart of each signal is shown in Fig. 2. 


Pin name on HD61100A 


«| heen 
I/O port 


control 





1f 2] 930 [47 95t f6t i770 78 of fol PB La DH H4 ns fe of [80 ly 72 
CLo 


synchronous 
SCL —-_—_—_)_ a een PR a GE FR AE, PRE FY RNR A PR po NN pe em, pe ye See cm em oom cum seme mm mem 


fee COCOOOOCOEBOTOCEDS 


80 bits output (10 digits) 


Fig. 2 .HD6305X0 + HD61100A and LCD Interface 
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13.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration for character display on the 


liquid crystal module is shown in Fig. 3. 


H61MN 









H61DSP 
DISPLAY 
CHARACTER 









TRANSFER 
CHARACTER DATA 





Fig. 3 Program Module Configuration 


(2) Program Module Functions 


- Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


MAIN PROGRAM H61MN | Displays 8 segment x 10 digits LCD. 


Transfers display data to HD61100A and 
DISPLAY CHARACTER H61DSP dd eplaya Gn LCD 
E 


Stores display data in display RAM. 
See subroutine MOVE in HD6305 FAMILY APPLI- 
CATION NOTES (SOFTWARE) for details. 


TRANSFER CHARACTER 
DATA 
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(3) Program Module Sample Application (Main Program) 


The Flow chart in Fig. 4 is an example of character display on 
liquid crystal performed by the program module in Fig. 3. 

The main program in Fig. 4 demonstrates the display on liquid 
crystal as shown in Fig. 5. 


H61MN Main Program 


H61MN 


Sets signals CL 1, M and COMMON to Low, 
> Rub acess 
adits oe and High respectiuely. 
$1C>PCDDR | ----- ene bits 2, 3 and 4 of port C as 
output ports. 
Selects SCI to transfer clock output 
YAGTSCR {sei defines transfer clock width. 
$90°>SSR_ | ----- {Enables SCI interrupt. 
SOA*IX Initializes pointer for display data 
~---- RAM and counter (CNTR(RAM)) indicating 
IX>CNTR number of interrupts. 
1+4,PCDTR | ----- {sets signal CL] to High. 
ee Sets signals CL 1, M and Common to Low, 
2OBeECETE Ras and Low, respectively. 
(DDATA-1+1X)} ____. ate display data in SDR and starts 
> SDR transfer. 
OF Bit 1. Jerr res | Enabtes interrupt. 


$11°SOA 
----- Defines source address of display data. 
$00>SOA+1 
DDATA*DEA Defines destination address of display 
~~" data. 
SOASMCNT | _---- Defines number of transfer bytes of 
display data. 


See subroutine MOVE in HD6305 FAMILY 
APPLICATION NOTES (SOFTWARE). 





SCI Interrupt Routine 


Executes program module H61DSP and 
displays characters on LCD. 





Fig. 4 Program Module Flowchart 
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Fig. 5 LCD Example 
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13.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME DISPLAY CHARACTER MCU/MPU } | HD6305X0/YO| | LABEL | {H61DSP 
FUNCTION 


Transfers display data to HD61100A and displays numerals on LCD. 


ARGUMENTS CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 
& 
DDATA 
: 


Contents : Not affected [ROM (Bytes) | 
xX : Undefined ROM (Bytes) 
Display 
Entr 
y data 
Argu- 
ments 
Re- 
turns 
DESCRIPTION 


t : Result 
RAM (Bytes) 
(1) Function Details 























Storage Byte 
Location | Lgth. 





Stack (Bytes) 
No. of cycles 


Interrupt 





G) Entry 
(a) Argument details arguments 


DDATA: Holds 10-byte display data. Display data 

(9,8,7,6,5,4, 
(b) Fig. 6 shows an example of program 3,2,1,0) 

module H61DSP execution. If entry 

argument is held as shown in part @ 

of Fig. 6, display data is transfer- 

red to HD61100A and displays characters 

on LCD as shown in part Q) of Fig. 6. 


SPECIFICATIONS NOTES 
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PROGRAM | PROGRAM MODULE NAME NAME | DISPLAY cHaRACTER CHARACTER | wcu/eu | D6305x0/¥0) | LABEL. LABEL. HOLDSE 


[__pescrrprion —_| 


(c) Program module H61DSP calls 
neither program modules nor 
subroutines. 





Fig. 6 Example of H61DSP 
Execution 


(2) User Notes 
(a) Selects DDR of port C as output. 
(b) Initializes clock synchronous SCI for display data transfer. 
(c) Clears bit I to enable SCI interrupt. 
(d) Loads display data into SDR in main program to service SCI interrupt. 


(3) RAM Description 


Label 47 RAM b0 Description 

Stores pointer for indicating display data 
CNTR , ; 

and counter indicating number of interrupts. 
DDATA 


Stores display data. 
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| PROGRAM MODULE. NAME MODULE NAME | DISPLAY CHARACTER | DISPLAY CHARACTER | Mcu/MPU }206305x0/vol| Lape LABEL H61DSe 


[__pescarprion _ 


(4) Sample Application 


Program module H61DSP is called each time SDR becomes empty after selecting 
I/O port, initializing SCI, loading data into SDR and enabling interrupt. 


| 

I 

{ 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 


LDX 
STX 
BSET 
LDA 
STA 
LDA 
STA 
CLI 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 


BSR 


#504 _._-. Initializes port C. 

PCDTR 

erie -~-—--Selects bit 2, 3 and 4 of port C as output 

PCDDR ‘ : 

# SA6 

SCR 

#$90 ---- Initializes SCI. 

SSR 

#SOA } 

CNTR ---- Initializes counter (CNTR). 

4,PCDTR 

#8 -~—--Initializes port C. 

PCDTR 

ao a —--Stores display data in SCR. 
—— interrupt. 

#$11 

SOA 

#SO0 

ea --—--Transfers display data to RAM using sub- 

#S8A 

DEA routine MOVE. 

#SOA See subroutine MOVE in HD6305 FAMILY 

MCNT APPLICATION NOTES (SOFTWARE) for details. 

MOVE | 


§ 
(5) Basic’ Operation 


(a) Transfers 10-byte display data to HD61100A shift-register for 8 segment 


10 digits LCD. Clocked synchronizing SCI of the HD6305X0 controls clock 


and data signal. 





(b) Stores display data in 10-byte display RAM beforehand and outputs l1-byte 
display data by one SCI interrupt. 


(c) Decrements display RAM pointer and counter CNTR(RAM) after each interrupt, 
and re-initializes CNTR(RAM) every ten interrupts. 


(d) Executes only one SCI interrupt in main program, and then outputs display 
data with SCI interrupt automatically with each output. 
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PROGRAM MODULE NAME 


DISPLAY CHARACTER MCU/MPU | }]HD6305X0/YO| | LABEL | [H61DSP 


FLOWCHART 


780 






H61DSP 


H61DSP 
Decrements counter indicating number 


of interrupt. 


(CNTR)>1IX sea eee pointer for display data RAM 
into index register. 


GaN D> set Tests if ten SCI interrupts have been 
made. 
(CNTR) =0 
SOA*ACCA Loads initial value of display data 


-----+ pointer into index register and 


(ACCA)>CNTR initializes counter (CNTR) for 
| number of interrupts. . 


(3,PCDTR)=1 
----4j Tests if signal M is High. 










(3,PCDTR) “7 aps Olan. aed we 
$04>PCDTR #1 ____| Signals CL 1, M and COMMON output 
Low, Low and High respectively. 
____| Signals CL}, M and COMMON output 
POSE CUTE ees High and Low, respectively. 
H61DP1 
(DDATA-1+1X)} 


+SDRI 7 | stores display data in SDR. 
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13.4 SUBROUTINE DESCRIPTION 


This application example calls no subroutines. 


13.5 PROGRAM LISTING 





00001 * 

00002 FOR IOROK HOR OK OR OR HOR IOHOKOKRAM. AL LOCA T TONDO oR tO K OK OK OKI OK KOK OK 2K 
00003 * 

00004 x 

0000S 0080 ORG $80 

00006 

00007 0080 OOOA DDATA RMB 10 Display RAM area 

00008 O08A 0001 CNTR RMB 1 Counter of display data 
00009 008B 0002 SOA RMB 2 Source ADDR (MOVE) 

00010 O008D 0001 DEA RMB 1 Destination ADDR (MOVE) 
00011 OO8E O00] MCNT RMB 1 Transfer counter (MOVE) 
00012 OO8F O004 MSUB RMB 4 Work area for subroutine (MOVE) 
00013 0093 0001 SPNT RMB 1 Relative data of source ADDR 
00014 * 

00015 MOK IOOROHORK ROK HOH HKHACOK SYMBOL DIF INIT LONS >i teri te ote ot ot ote ok tok KC oc 
00016 >K 

00017 0002 PCOTR EQU $02 Port C data register 

00018 0006 PCDOR EQU $06 Port C data direction register 
00019 0010 SCR EQU $10 SCI control register 

00020 0011 SSR EQU $11 SCI status register 

00021 0012 SOR EQU $12 SCI data register 

00022 FO IO IORI OOK OOO IO OOOO ORO FOR HOR OR I OO ORF OIOI OK HOR KOI OKO HOOK 
00023 * * 
00024 * MAIN PROGRAM : H61MN K 
0002S > *« 
00026 FOIOROIOK OOO OIOIOI ORO OI OOK FORK IOIOK OFOROIOI AOR OK OFOK HOR OK HOR OKO OFOI OHO HOOK 
00027 > 

00028 i000 ORG $1000 

00029 * 

00030 1000 A6 04 H61MN LDA H#$04 Set CL1i=0.M=0, COMMON=1 

00031 1002 B? O02 STA PCOTR 

00032 1004 A6 1C LDA HS1C Select port C bit 2-4 as output 
00033 1006 B? 06 STA PCOOR 

00034 1008 A6 AG LDA HSAG Initialize SCR 

0003S 100A B87 10 STA SCR (data and clock output)? 
00036 100C A6é 930 LDA H$90 Initialize SSR 

00037? 100E B? 11 STA SSR CSCI interrupt enabled 

00038 1010 AE OA LOX HSA Initialize counter 

00039 1012 BF 8A STX CNTR 

00040 1014 18 02 BSET 4,PCOTR Set CL1=1,M=0.COMMON=1 

00041 1016 A6 08 LDA H$8 Set CL1=0.M=1,COMMON=0 
00042 1018 B? 02 STA PCOTR 

00043 101A E6 ?F LDA DDATA-1.X Store display data in SOR 
00044 101C B? 12 STA SOR 

0004S 1O1E 9A CLI Enable interrupt 

00046 101F A6 1] LDA HS11 Store source address 

00047 1021 B? 8B STA SOA (Source address=2 byte) 
00048 1023 A6 OOD LDA HS00 

00049 1025 B7? 8C STA SOA+1 

OO0SO 1027? A6 80 LDA HDODATA Store destination address 
00051 1029 B? 8D STA DEA 

00052 102B A6 OA LDA HSOA Initialize transfer counter 
00053 102D B? BE STA MCNT 

00054 102F CD 1052 aSR MOVE Move data table to display RAM 
000SS 1032 20 FE PEND BRA PEND End of program 
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00056 
00057 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
OO00?? 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 


00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 


00102 


00103 
00104 
0010S 
00106 
00107 


00108 


00109 
10110 
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1034 
1036 
1038 
103A 
103C 
103E 
1040 
1043 
1045 
1047 
1049 
1048 
104C 
104E 
10S0 


1052 


1054 
10S6 
1058 
10SA 
105C 
10SE 
1060 
1062 


1064 


1066 
1068 
106A 
1068 
106D 


106F 
1071 
1073 


3A 
BE 
26 


B? 
18 
06 
AG 
B? 
E6 
B? 
80 
A6 
Br 
20 


A6 


B? 
Bé 
B? 
Bé 
B? 
A6 
B? 
3F 


BE 


BD 
BE 
F? 
3C 
3C 


3A 
26 
81 


D6 


BF 
8B 
90 
8C 
91 
81 
92 
93 


93 


BF 
8D 


8D 
93 


BE 
Fl 


O9 


OK IOI OOK OK OK OO OR IOIOK IO OIOK ORO OFOR HOR IOKOK IK OOK HOR OK IOI KOKI OK OK OK HOOK OK 1K 


K 
*K 
* 


* 
* 


* 


NAME 


ENTRY 
* RETURNS 


H61DSP DEC 


H610P 1 


H610P2 


LDX 
BNE 
LDA 
STA 
BSET 
BRSET 
LDA 
STA 
LDA 
STA 
RTI 
LDA 
STA 


2K 


H610SP (DISPLAY CHARACTER) * 


DK HC HCI CC ECC CCC KK CECI CK DIC CCK KCC IK IK IC KK COI EC IC DIK KC OK CK KK IKK IORI HOHOK 


* 


as 


DDATA CDISPLAY DATA) *« 
NOTHING > 
K 
OIOIOIOOR ROO OOOO OOK OR IOIOK IORIOR ORI OOK IOI OK IORI OOK OI OK KOK 
CNTR Decrement counter 
CNTR Test if CNTR=0? 
H610P1 Branch if not CNTR=0 
HSOA Initialize counter 
CNTR 
4,PCOTR Set CL1=1 
3,PCOTR,H610P2 Branch if M=l1 
H8 Set CL1=0,M=1,COMMON=0 
PCOTR 
DDATA-1,.X Store display data in SOR 
SOR | 
H4 Set CL1=0.M=0,COMMON=1 
PCDTR 
H610P1 Branch to H610P1 


BRA 


DK IC KOKO I HOR OOHOFOK OR OIOOKOFOK KOK HOR OIOHOR OHO OHO KOH OK HOR OKI KOK IO HOOK HOH OK OOK 


»K 
*« 
*K 


NAME 


MOVE 


K 


(MOVING MEMORY BLOCKS) * 
k 


ORO OIOK HOR KOIOR IORI OK OF OK FOR OIRO OFOK OIOROICHOK OFOIOK OFOK OK FOR OK OK OKOHOK HOH OK HOC 


* 
aK 
1K 
*K 
* 


x 


ENTRY 


RETURNS 


* 


SOA (SOURCE ADDR) > 

DEA CDESTINATION ADOR) * 

MCNT CTRANSFER COUNTER) * 

NOTHING * 

> 

NORIO OOOO OOOO OOOO IORI OOK ORI OIOORORQIOK KOK OKO HOK 


MOVE 


MOVE 1 


LDA HSD6 Load instruction code 
(LDA Disp.X) 

STA MSUB 

LDA SOA Load source ADDR (HD 

STA MSUB+1 

LDA SOA+1 Load source ADDR ¢L)D 

STA MSUB+2 

LDA H$81 Load instruction code CRTS) 

STA MSUB+3 

CLR SPNT Clear relative data of source 
ADOR 

LOX SPNT Load relative data of source 
ADOR | 

JSR MSUB Load transfer data 

LOX DEA Load destination ADDR 

STA O.X Store transfer data 

INC DEA Increment destination ADDR 

INC SPNT Increment relative data of 
source ADOR 

DEC MCNT Decrement transfer counter 

BNE MOVE 1 Branch until transfer counter =0 

RTS | 
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00111 (OOOO OI OOOO OOK OK OR ORO OOOO IO IOR FOR OOO HOR IOKK 





00112 * | * 
00113 * DATA TABLE * 
00114 | * > 
0011S FOOROROROROROROOROOROIOROIOOIOIOIOK OK OOK OOK OOO OK OK OIOK KOK IOI KK KOK 
00116 * 
0011? 1100 ORG $1100 
00118 *« 
00119 1100 14 FCB $14,$83,.$86,.$04,$E6 *Segment data 
00120 1105 E? FCB $E7,$74,.$F7.$F6.577 | 
00121 FOOIOICIOIOI OOK IORI OOOO OOOO OOOO OI OOROOK IOI IK OK OKOIOKOK KK 
00122 > | : * 
00123 * VECTOR ADDRESSES * 
00124 * * 
0012S OOOO IOI IOI OOK KI OI OK IOK OK OOK IOK OK FOR HOR OOK KOK OK KOK 
00126 * 
00127 1FF6 ORG S1IFF6 
00128 *« 
00129 1FF6 1034 FOB H61DSP SCI/TIMER2 
00130 1IFF8 1000 FOB H61MN TIMER/INT2 
00131 1FFA 1000 FDB H61MN INT 
00132 1FFC 1000 FOB H61MN SWI 
00133 1FFE 1000 FOB H61MN RES 
00134 * 
0013S END 
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14. EXTERNAL EXPANSION 





“14.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Controls externally expanded memory and peripheral LSIs 
using HD6305Y2. 

(b) Performs asynchronous serial interface with a console 
typewriter using the HD6350 (hereinafter, ACIA). 

(c) Controls liquid crystal module (hereinafter, H2571) 
through the HD6321 (hereinafter, PIA) and displays inputs 
from a console typewriter in character mode. 

(2) Microcomputer Applications 

Interfaces with externally expanded LSIs through address buses, 

data buses and control signals (R/W, E) using the HD6305Y2 

externally expanded functions. 


(3) Circuit Diagram 


+5V RAM 
2 HM6117 






+5V Address 
47kQ Decoder +5V 


A HD74HC04 
HD74HC138 


+5V MPU 
HD6305¥2 


33 
182076 B 4742: nN 74HC14 pace 


1a>e ie 


‘ 100uF 
4MHz; 





+5V 


Console 
typewriter 
HD75188 eS 1 





! ! 
rj RxDATA 
rd HD75189 lo RTES \ 
27K H : 
12 HD75188 Nive, Of 
ocTS «(1 
1_ HD75189! 1 
» 9 TXDATA 
' y 
40740039347" 5740 ieee J 
=12Vec im 
HD74HCO4 
4.9152MRz 
ais ci 


Fig. 1 External Expansion Circuit 
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(4) 







Memory Map 


(a) Memories or peripheral LSIs are allocated in external 


memory space using address decoder (HD74HC138). 


ADR 12 and ADR{3 are connected to the HD/74HC138 A and B pins. 


16k byte memory space (from $0140 to S$3FFF) are divided 


into 4 (4k bytes) and allocated. 


address decode. 


Table 1 System Address Decode 


HD74HC138 


Outpy 
ce 
i 
Pee ea a 


































stn {ani 


t 
0000 - SOFFF 
1000 - S1FFF 
$2000 - $2FFF 
$3000 -_$3FFF 


(b) Fig. 2 shows system memory map 


Table 1 shows system 












$0000 | 1/0 ports 
TIMER 
$003F SCI 
$0040 RAM HD6305Y2 internal register and 
(192 Byte) memory space 
SOOFF 
$0100 RAM 
5 (64 Byte) 
$013F 
$0140 RAM 
(HM6117) 
SO7CF 
Not Used 
$1000 
ROM 
HM27C64 
$2000 
S1FFF | _CRA__—=«4y $2001 
$2000 $2002 
| _CRB__{$2003 
PIA 
d 
(HD6321) Not Use SO FFF 
S2FFF 
3000 
: $3000 
$3001 
S3FFF 
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{ CTRL/STS 
ACTA | CTRL/STS _| 


Fig. 2 System Memory Map 
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(5) Hardware Operation 


Fig. 3 shows timing charts of the HD6305Y2 and memories 
(HN27C64, HM6117). 


E \ 


HD6305Y2} ADDRESS , 


“ly 
oe , ams delay time 


HN27C64 


CEy ,CE2 
Data 
read 
DATA 









Address delay time 

tpsr: Data set-up time 

tyR: Data hold time 
: Data delay time 


HD6305Y2 
HN27C64 








CE Output delay time 
tor: OE Output delay time 
tacc: Access time 

Data output hold time 

















CAA? Address access time 
tcol,2: CE ,, CEg Output delay time 
| | tas: Address set-up time 
BEL! twp: Write pulse width 
| | Input data set time 
| Input data hold time 


Fig. 3 HD6305Y2/Memories Interface 
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14.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


The program module configuration to display data input from 


a console typewriter on liquid crystal display system in Fig. 1 
is shown in Fig. 4. 


EXPMN 






EXPINT EXPDSP EXP INP 

2 4 
pispLay 4 eECETE” 
CHARACTERS DATA 


Fig. 4 Program Module Configuration 





TPR 
CONVERT 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


Name , 
Displays data input from console 
MAIN PROGRAM EXPMN typewriter on console typewriter 
and liquid crystal display. 






















Displays characters on liquid 


2 crystal. 








INITIALIZE Se teid 
LCD-II EXPINT Initializes LCD-II. 


DISPLAY 
CHARACTERS EARDOE 
SEND DATA EXPOUT Sends data to console typewriter. 


RECEIVE DATA EXPINP Receives data from the console 


typewriter. 
al 





k 





Converts ASCII lowercase into ASCII 
uppercase. See subroutine TPR in 
HD6305 SERIES APPLICATION NOTES 
(SOFTWARE) for details. 7 


CONVERT 
INTO ASCII 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 5 is an example of displaying data input 
from console typewriter on liquid crystal display and console 


typewriter, performed by the program module in Fig. 4. 


| EXPMN Main Program 


EXPMN 
SOO?-MR | ----- | Enables INT) interrupt. 


a Specifies data direction register A 
S00°CRA | ----- (hereinafter, DDRA). 

Gs eet Selects peripheral interface register A 
see DDRA (hereinafter, PIRA) as output. 
$04>CRA spans 4 Specifies PIRA. 
$02>PTRA fy sees | outputs signals RS=0, R/W=1 and E=0. 

ae Specifies data direction register B 
p00 FCRE | (hereinafter, DDRB). : 
Selects peripheral interface register B 
SFF*DDRB | ----- (hereinafter, PIRB) as output. 
SO4>CRB | ----- | Specifies PIRB. 
$30°>FUNC iP ecard ! Initializes FUNC (RAM). 
$067ENTRY 4 Initializes ENTRY(RAM). 
Calls program module EXPINT to 
EXPINT [|] ----- : 
initialize LCD-II. 
EA ae ----- { Initializes instruction (SOE). 
7 Calls subroutine EXPBSY to check busy 
| EXPBSY | —o { flag. 
Calls subroutine EXPINS to set 
| aie | | Teeteuctten in H2571. 
$97*CR | ----- { Master-reset ACIA. 
Initializes ACIA (1 start bit + 8-bit 
$95°CR | ----- | data + 1 stop bit, 1/16, RTS=0, TIE=0, 


RIE=1). 


| ovat t of Enables interrupt. 


Fig. 5 Program Module Flowchart 
€ HITACHI 













EXPMN1 





(KEYDRF)#0 


(KEYDAT)> 
ACCA 


O>KEYDRF 
S$95°CR 
KEYDAT )> 
OUTDAT 
(KEYDAT)> 
DSPDAT 






~{ 


~{ 
~{ 


EXPINP 


EXPINP 


RECEIVE 
DATA 






Fig. 5 (Cont.) Program Module Flowchart 


(KEYDRF) 


Tests if key data receive flag is set. 


Stores KEYDAT(RAM) in entry argument 
ACCA. 

Calls subroutine TPR to convert ASCII 
lowercase in ACCA into ASCII uppercase. 
See subroutine TPR in HD6305 SERIES 
APPLICATION NOTES (SOFTWARE) for details. 


L Clears key data receive flag. 


RTS = O. 


Stores ASCII uppercase in entry arguments 
OUTDAT (RAM) and DSPDAT(RAM). 


Calls program module EXPOUT to send 
display data to console typewriter. 


Calls program module EXPDSP to exhibit 
characters on liquid crystal display. 


INT, Interrupt Routine 


Calls program module EXPINP to receive 
data from console typewriter and stores 
it in key data buffer. 
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14.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME INITIALIZE LCD-ITI MCU/MPU HD6305Y2 LABEL | [/EXPINT} | 
- FUNCTION | | ; 


Initializes LCD-II contained in H257l. 


ee CHANGES IN CPU SPECIFICATIONS 
} : REGISTERS AND FLAGS 


Contents : Not affected ROM (Bytes) 


: Undefined 
RAM (Bytes) 


8 
Z 
O 













: Result 


Stack (Bytes) 
No. of cycles 
54435 


Interrupt 





DESCRIPTION 


(1) Function Details 


(a) Argument details 
FUNC(RAM) : Holds function initialization data ($30). 
ENTRY(RAM) : Holds entry mode initialization data ($06). 


(b) Program module EXPINT initializes LCD-II with instructions as follows; 


Display: Clear, Interface data length: 8 bits, 
Display line: 1, Character font: 5 x 7 dots, 
Duty ratio: 1/8, DDRAM address: Increment, 
Display shift: No. 


SPECIFICATIONS NOTES | 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles required when 
subroutine EXPBSY is executed at the minimum cycles. 
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| PROGRAM MODULE NAME | MODULE NAME | INITIALIZE Lop-r1 LCD-ITI | cu/MPU } HD6305¥2 LABEL 


[__pescererion —_| 


(c) Program module EXPINT calls other program modules or subroutines shown 
in Table 3. 


Table 3 Program Modules and Subroutines called in EXPINT 


CHECK BUSY FLAG EXPBSY Checks LCD-II busy flag. 
EXPINS Sets instructions in LCD-II1. 















INSTRUCTION SET 


(2) User Notes 
Program module EXPINT cannot be called without initializing PIA. 


(3) RAM Description 


Label RAM Description 
b7 bO 

TNCNT | 

} Stores counter for initializing LCD-II. 
CUNT1 

i Stores counter for initializing LCD-IlI. 
INSDAT 

Stores instruction data. 

FUNC 

} Stores function initialization data ($30). 
ENTRY 

t Stores entry mode initialization data ($06). 
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| PROGRAM MODULE NAME NAME | mvrrtanize Loot | LCD- II cure | p6305v2 LABEL Laser. | xen 


[ _pescrrprion —_| ION 


(4) Sample Application 


After initializing PIA and holding entry arguments, call program module 


EXPINT. 
| 
LDA #$00 
STA CRA 
LDA #SFF 
STA DDRA 
LDA #S04 
STA CRA 
LDA #$02 ~--- Initializes PIA. 
STA PIRA 
LDA #S00 
STA CRB 
LDA #SFF 
STA DDRB 
LDA #504 
STA CRB 
LDA #$30 
STA FUNC ---- Stores data in entry arguments FUNC(RAM) and ENTRY(RAM). 
LDA #506 , 
STA ENTRY 


| 3sr EXPINT | ---- Calls program module EXPINT. 
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| PROGRAM MODULE NAME MODULE | PROGRAM MODULE NAME | rwrrtanize ueo-rr LCD-II | wcu/seu } p6305%2 LABEL EXPINT 


[ _pescrzprion _| 


(5) Basic Operation 


(a) Control of PIA is shown in Fig. 6 and Fig. 7. 


In Fig. 6, data ($80) is output from port A; in Fig. 7, data ($80) is 


input to port A. 


Note that this controlling method is applied to the system in Fig. 1, and 


memory map in Fig. 2. 


SFF>DDRA 


$80>PIRA 


Fig. 











Stores "0" in bit 2 of control register 
(hereinafter, CRA) to select DDRA. 
CRA is allocated at $2001, so RS 1=0, RSo=l. 


Stores SFF in DDRA to select port A as 
output. 


Sets bit 2 of CRA to "1'' to select PIRA. 


Outputs $80 from port A by writing $80 
into PIRA. 


Control of PIA (Port A: Output Port) 


Sets bit 2 of CRA to "0" to select DDRA. 
CRA is allocated at $2001, so RS,=0, RSgo=1. 


Stores $00 in DDRA to select port A as 
input. 


Sets bit 2 of CRA to "1" to select PIRA. 


Moves input data from PIRA to ACCA. 





Control of PIA (Port A: Input Port) 
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PROGRAM MODULE NAME INITIALIZE LCD-II McU/MPU || HD6305Y2 LABEL | [EXPINT 
DESCRIPTION | 


(b) Function initialization data ($30) must be written 3 times into LCD-II 
as shown below to ensure LCD-II internal RESET. Afterwards, LCD-II busy 
flag can be checked to select functions. 


Wait 15ms 
or more 
after 
reset. 


Transfer 


$30 


Wait 4.1lms 


or more 


Transfer 
$30 


Wait 100s 


or more 


Transfer 
$30 
CG 





(c) Data in Table 4 is transferred to LCD-II. 


Table 4 LCD-II Initialization Data | 


: 
08 | 
01 
$ 







| $ Turns off all display. 


Specifies cursor direction right. Does not shift 
display. | 






ead 
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PROGRAM MODULE NAME INITIALIZE LCD-II MCU/MPU || HD6305Y2 LABEL 


FLOWCHART 


EXP INT 


EXP INT 


$03>TNCNT | ----- 
$80°>CUNT1 | ----- Initializes counter for software timer. 


[ 
jen 


Initializes loop counter. 


—T 






Executes 30ms software timer. 


(1X) =0 


(CUNT1)=0 
Stores function initialization data 
poor NODAL | in entry argument. 
EXPINS | mal Calls subroutine EXPINS to write 
instructions in LCD-II. 


(TNCNT)-1> | { Decrements loop counter. 
TNCNT 


as { Tests if LCD-II reset is completed. 


(TNCNT ) 
=0 
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| PROGRAM MODULE NAME | PROGRAM MODULE NAME | mwrrzaLize Lepar LCD-II cue | | p630sy2 LABEL EXPINT 


[ _ Fowcuarr 


796 


(FUNC)> 
INSDAT 


EXPBSY 
. EXPINS 


$08>INSDAT 
| EXPBSY || 


| EXPINS 


| $O1>INSDAT 


| EXPBSY 


| EXPINS 


(ENTRY )> 
INSDAT 


| EXPBSY 
| EXPINS 


RTS 


Stores function initialization data. 
(Interface length: 8 bits, Display line: l, 
Character font: 5x7 dots, Duty ratio: 1/8) 


Calls subroutine EXPBSY to check busy flag. 


Calls subroutine EXPINS to write instruction 
in LCD-II. 


Stores instruction data (display ON/OFF 
control) in entry argument INSDAT(RAM). 
(display OFF, no cursor display, no blink) 


Calls subroutine EXPBSY to check busy flag. 


Calls subroutine EXPINS to write instruction 
in LCD-II. 


Stores instruction data (display clear) 
in entry argument INSDAT(RAM). 


Calls subroutine EXPBSY to check busy flag. 


Calls subroutine EXPINS to send instruction 
to LCD-II. 


Stores instruction data (entry mode) in 


entry argument INSDAT (RAM). 


(DDRAM address increments, moves cursor 
right and display does not shift) 


Calls subroutine EXPBSY to check busy flag. 


Calls subroutine EXPINS to send instruction 
to LCD-II. 
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PROGRAM MODULE NAME DISPLAY CHARACTERS MCU/MPU HD6305Y2 LABEL | JEXPDSP 
FUNCTION 


Outputs display data to LCD-II and displays it on liquid crystal display. 


ARGUMENTS CHANGES IN CPU SPFCIFICATIONS 
REGISTERS AND FLAGS 
DSPDAT 
(RAM) 


Contents : Not affected [ROM (Bytes) _ 
: Undefined ROM (Bytes) 
Entry| Display 
data 
Argu- 
ments 
Re- 
turns 
DESCRIPTION 
























Storage Byte 
Location | Lgth. 














RAM (Bytes) 
Stack Ee 


Interrupt 





b7 
@ Entry argument 
(1) Function Details DSPDAT 
: 1-byte 
(a) Argument details data ('A'=$41) 


DSPDAT (RAM): Holds data for characters 
to be displayed. 
@ Result 
(b) Fig. 8 shows an example of program liquid crystal 
module EXPDSP execution. 
If display data is held in DSPDAT(RAM), Lede oh ae 
it is also stored in the current Fig. 8 Example of EXPDSP 


address in LCD-II DDRAM and display heccueisn 
characters on lig | 














"No. of cycles" in "SPECIFICATIONS" represents the number 
of cycles required when subroutine EXPBSY is executed by the minimum cycles. 

















| PROGRAM MODULE NAME | PROGRAM MODULE NAME NAME | DISPLAY CHARACTERS CHARACTERS | cuss | | upes0sy2 LABEL EXPDSE 


[__pescarprion —_| 


(c) Program module EXPDSP calls other program modules or subroutines as 
shown in Table 5. 


Table 5 Program Modules or Subroutines Called 
in EXPDSP. 


CHECK BUSY FLAG EXPBSY Checks busy flags in 
LCD-II. 


(a) Initializes PIA to control PIA in external expansion and to control 
LCD-II using PIA port. 





(2) User Notes 


(b) Initializes LCD-II to display characters after calling program module 
EXPINT. 


(3) RAM Description 


Label RAM Description 
b7 bO 


DSPDAT |} Stores display data in ASCII. 
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| PROGRAM MODULE NAME | PROGRAM MODULE NAME NAME | DISPLAY CHARACTERS CHARACTERS | cueu } upes0sy2 LABEL exost 


[ __pescrtprion | 


(4) Sample Application 


Program module EXPDSP is called after initializing PIA, LCD-II, and holding 
entry argument. i 
{ 


LDA ° #S00 

STA CRA 

LDA #SFF 

STA DDRA 

LDA #504 

STA CRA 

LDA #502 

STA PIRA. Soe eeu Initializes PIA. 
LDA #500 

STA CRB 

LDA #SFF 

STA DDRB 

LDA #504 

STA CRB 

LDA #530 

STA FUNC 

LDA #506 

STA ENTRY 

BSR EXPINT ~?—-—~-——-— Initializes LCD-II. 
LDA #SOE 

STA INSDAT 

BSR EXPBSY 

JSR EXPINS 

aa seen Sao Stores display data in entry argument. 


| JSR EXPDSP | eee Call program module EXPDSP. 


(5) Basic Operation 


(a) Checks busy flag and waits till LCD-II can receive instructions. 





(b) When LCD-II can receive instructions, makes signals RS=1, R/W=0, E=1 
and stores display data into LCD-II DDRAM to display characters on 
liquid crystal display. 
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PROGRAM MODULE NAME DISPLAY CHARACTERS MCU/MPU HD6305Y2 LABEL | JEXPDSP' 
FLOWCHART | 


EXPDSP 


EXPDSP 


[sn] 
SO5>PIRA 


(DSPDAT)> 
PIRB 


1 $04>PIRA | 
$02>PIRA 

















oe Calls subroutine EXPBSY to check busy 
flag. 


o--=- 1 Sets signals RS=1, R/W=0, E=0. 


Seas | Sets signals RS=1, R/W=0, E=0. 


oe { Writes display data to LCD-II. 






aenee 1 Sets signals RS=1, R/W=0, E=0. 


----- | Sets signals RS=0, R/W=1, E=0. 
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PROGRAM MODULE NAME SEND DATA MCU/MPU HD6305Y2 LABEL | [EXPOUT 
FUNCTION 


Sends character data to console typewriter. 


ARGUMENTS CHANGES IN CPU 
PECIFICATIONS 
Byte ; | 


x : Undefined 
Character} OUTDAT 1 
Entry| data (RAM) 
Argu- 
ments 
Re- 
turns 


¢t : Result 
| RAM (Bytes) 
1 
DESCRIPTION 





















Storage 
Location 












Stack (Bytes) 


i ee 
Reentrant 














@ Before execution OUTDAT 
(1) Function Details Entr OUTDAT b} bO 
y 
argu- l-byte data 
(a) Argument details ment ('A'=S41) | 
TDR 
OUTDAT: Holds character data @ After execution b7 b0 
(RAM) to be output to console TDR in ACIA 
typewriter. ('A'=$41) 
(b) Fig. 9 shows an example of 
program module EXPOUT execution. 
Data in OUTDAT(RAM) is loaded Fig. 9 Example of EXPOUT 
into TDR in ACIA and transfer data. Execution 






SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
when there is no data in TDR. 
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PROGRAM | PROGRAM MODULE NAME | PROGRAM MODULE NAME | SEND Dara | SEND Dara cus | } wo630s¥2 LABEL ExPovy 


[ _pescrtprion | 


(c) Program module EXPOUT calls neither program modules nor subroutines. 


(2) User Notes 
(a) Main program does not be returned from program module EXPOUT until 
transmit data register (TDR) becomes empty to prevent data destruction 


when previous data is stored in TDR. 


(b) Calls program module EXPOUT after initializing ACIA and holding entry 
argument in OUTDAT(RAM). 


(3) RAM Description 


Label RAM Description 
b7 bO | 


OUTDAT Stores character data to be output to console 
typewriter. 


(4) Sample Application 


Program module EXPOUT is called after enabling INT? interrupt, 
initializing ACIA, initializing key buffer and enabling interrupt. 


LDA #S00 ees, | 
STA Me. foe Enables INT2 interrupt. 
LDA #$97 

STA CR 

LDA #$95 | Initializes ACIA. 

STA CR 

CLE wee Enables interrupts. 
LDA KEYDAT 


oie Ss ee Store data in KEYDAT(RAM) in entry argument 
STA OUTDAT OUTDAT (RAM) . 


| JSR ZZ EXPOUT | _———- Calls program module EXPOUT. 
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PROGRAM MODULE NAME SEND DATA MCU/MPU HD6305Y2 LABEL 
DESCRIPTION 


(5) Basic Operation 


(a) Control of ACIA for sending data is shown in Fig. 10. 


Checks bit 1 (TDRE) of status register (SR) 
to test if TDR is empty. 
(TDRE=1: TDR is empty) 


Loads data to be sent into TDR. 





Fig. 10 Control of ACIA (sending serial data) 


(b) If (TDRE)#1, data remains in TDR in ACIA and program waits till 
(TDRE)=1. 


(c) If (TDRE)=1, send character data in entry argument OUTDAT(RAM) to 
TDR in ACIA, and transfer data. 
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} PROGRAM MODULE NAME MODULE NAME | Senn pata DATA | cu/seu } upe30sy2 LABEL ExPOut 


[ __FLowcuarr | 


EXPOUT 


EXPOUT 










Tests if TDR is empty (TDRE=1) 
(branch, if not) 


$02 A(SR)=0 
$02 A (SR) 


(OUTDAT)+TDR nanan} Sends output character data to TDR in ACIA, 


and transfer data. 


I 
© 
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PROGRAM MODULE NAME RECELVE DATA MCU/MPU HD6305Y2 LABEL | |EXPINP 
FUNCTION 


Receives data from console typewriter and stores key data in key data buffer. 


| ARGUMENTS CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS 


Storage @ : Not affected 
Location - Undefined ROM (Bytes) 


: Result 
RAM (Bytes) 


Stack (Bytes) 

























Received 
data 


Receive 
flag 









DESCRIPTION 










(1) Function Details @) [2] —~ $61 
Input | press ‘a, 
(a) Argument details 
wen oe baa Q KEYDAT b7 KEYDAT bO 
KEYDAT (RAM): Contains l-byte key data at Z ag 
from console typewriter. ie per ag 


KEYDRF (RAM): Indicates key data is 
received. Table 6 shows 
flag functions. 

Fig. 11 Example of EXPINP 

Execution 






SPECIFICATIONS NOTES 


"No. of cycles" in "SPECIFICATIONS" represents the number of cycles required 
when data is set in RDR of ACIA. 
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PROGRAM MODULE NAME RECEIVE DATA || mcu/Mpu || wp6305y2 LABEL | {EXP INP 
DESCRIPTION 
Table 6 Flag Functions 


KEYDRF Indicates key data has not yet received. 
(RAM) 


Indicates key data is received. 


(b) Fig. 11 shows an example of program module EXPINP execution. 
If key "a" in console typewriter is pressed as shown in part (@ of 
Fig. 11, received data is stored in key data buffer as showr in part @) 
of Fig. ll. 






(c) Program module EXPINP calls neither program modules nor subroutines. 
(2) User Notes 


(a) Initializes ACIA to receive data from console typewriter by controlling 
ACIA in external expansion. 


(b) Enables INT) interrupt. 
(c) Clears bit I to enable interrupt. 
(3) RAM Description 


Label RAM Description 
| b/7 bO 


KEYDAT | Tt Used as key data buffer for received data. 
(4) Sample Application 


Calls program module EXPINP by INT2 interrupt after initializing ACIA, 
enabling INT? interrupt and interrupt. 





LDA #$00 | ____ ——— 

STA We Enables INTj interrupt. 
LDA #$97 

STA CR 

LDA #895 [7777 Initializes ACIA. 

STA CR 

CLE «= ° ess Enables interrupt. 
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| PROGRAM MODULE NAME MODULE NAME | RECEIVE DATA | DATA | cu/eu | wp6305%2 LABEL Laser | pxPrNp 


[ __vescriprion | 


(5) Basic Operation 


(a) Control of ACIA is shown in Fig. 12 and Fig. 13. Fig. 12 shows 
initializing ACIA; Fig. 13 shows reading received data using interrupt. 
Note that this controlling method is applied to the system in Fig. l 
and memory map in Fig. 2. 


Master-resets ACIA. 


Fig. 12 Control of ACIA (Initialization) 







Initializes ACIA. 
(4800 BPS, 1 start bit + 8-bit data + 1 stop 
bit, interrupt enabling while receiving data) 


As re 


Tests bit O (RDRF) of status register to 
-----| judge whether data is received from ACIA. 
(RDRF=1: data is received) 
(O,SR)=1 
Sets "1" to ACIA RTS pin to prohibit sending 
data to console typewriter. 


Reads received data from receive data 
register. 


Fig. 13 Control of ACIA (receiving serial data) 


(b) After data is received, set signal RTS to High to prohibit next data 
transfer. 


(c) Moves received data from ACIA RDR to key data buffer. 





(d) Sets receive flag after data receive is completed. 
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) PROGRAM MODULE NAME MODULE NAME | RECEIVE Daa DATA | cu/Meu } an6305v2 LABEL ExPIN 


[ _ uowcuarr | 


EXP INP 


EXPINP 








S01A (SR)=0 Tests if data receive is completed. 


(branch if not) 


SOLA(SR) #0 


Hawn | Stores received data in key data buffer. 


EXPIP1 


Sess > { Sets signal RTS to high. 


------ | Sets key data receive flag. 







—----- | Sets signal RTS to low. 


Siehien 1 Clears INT) interrupt request flag. 
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14.4 SUBROUTINE. DESCRIPTION 


SUBROUTINE NAME CHECK BUSY FLAG MCU /MPU HD6305Y2 LABEL | EXPBSY 
FUNCTION 


Checks LCD-II busy flag. 


BASIC OPERATION 


(1) When data bus of LCD-II is read during signals E=l1 with RS=0, R/W=1, MSB 
of data bus becomes busy flag. When busy flag is "1", LCD-II does not 
receive any instruction. 





(2) Main program does not return from subroutine EXPBSY until busy flag is "0". 


PROGRAM MODULE USING EXPINT, EXPDSP 
THIS SUBROUTINE 





FLOWCHART 


EXPBSY 
EXPBSY 
$00°>CRB Se 














Specifies DDRB. 
$00>DDRB ----7 Selects PIRB as input. 
$04>CRB ----+ Specifies PIRB. 


$02>PIRA ----4 Sets signals RS=0, R/W=1, E=0. 







$03>PIRA ---- 


} 
SSS See eae 


Sets signals RS=0, R/W=1, E=1. 


(PIRB)*ACCA| ----7 Reads busy flag (DB7). 


$02>PIRA ----| Sets signals RS=0, R/W=1, E=0. 


Shift 


(ACCA) left aie 
Branches if busy flag is "1". 


(Bit C)=1 
(Bit C)=1 
(Bit C)#1 


a4 heap tt 





$00>CRB Specifies DDRB. 


SFF>DDRB ----+ Selects PIRB as output. 


$04>CRB ----4 Specifies PIRB. 


RTS 
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SUBROUTINE NAME STORE INSTRUCTION | MCU/MPU HD6305Y2 EXPINS 
FUNCTION 


Writes instructions to LCD-IIL. 


BASIC OPERATION 


(1) Stores instructions in LCD-II with setting signals RS=0, R/W=0 and E=0. 






(2) After writing instructions, set signals RS=0, R/W=1 and E=0. 





FLOWCHART PROGRAM MODULE USING T 
| EXPINS 
$00°>PIRA Sets signals RS=0, R/W=0, E=0. 


$O01>PIRA Sets signals RS=0, R/W=0, E=l. 





ee Writes instructions in LCD-II._ 


$00>PIRA Sets signals RS=0, R/W=0, E=0. 
Sets signals RS=0, R/W=1, E=0. 
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14.5 PROGRAM 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
Q0015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 


0080 


0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 


1000 


1000 
1001 
1003 
1006 
1008 
1008 
1000 
1010 
1012 
1015 
1016 
1019 
1018 
1O1E 
1020 
1023 
1025 
1027 
1029 


LISTING 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


OOOA 
2000 
2001 
2002 
2003 
2000 
2002 
3000 
3000 
3001 
3001 


4F 
B7 0A 


C7? 2001 


A6é FF 


C? 2000 


A6 04 


C7? 2001 


Aé 02 


C? 2000 


GF 


C? 2003 


A6é FF 


C? 2002 


Aé 04 


C7 2003 


Aé 30 
Br 87 
Ad 06 
Br 88 


* 
2K KOK KOK 
* 


* 
INSDAT 
OUTDAT 
OSPDAT 
KEYORF 
KEYDAT 
TNCNT 
CUNT 1 
FUNC 
ENTRY 
>K 
HOIOKOK OK 
*K 

MR 
DDRA 
CRA 
DORB 
CRB 
PTIRA 
PIRB 
CR 

SR 

ROR 
TOR 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


SYMBOL DEFINITIONS 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


$80 


— pe pet pee pe pe pS pp pm 


$OA 
$2000 
$2001 
$2002 
$2003 
DDRA 
OORB 
$3000 
CR 
$3001 
ROR 


DE DIK DK CI COI OIC KK CHOI ICO 2K 


Instruction data 

Character data to be output 
Display data 

Receive flag 

Received data 

Counter for initialize LCD-II 
Counter for initialize LCD-II 
Function initialize data 
Entry mode initialize data 


DKK IK ORC IK IC IC EC OEE CEC CK 2K IK IK OK 


Miscellaneous register 
DDRA of PIA 
CRA of PIA 
DORB of PIA 
CRB of PIA 
PIRA of PIA 
PIRB of PIA 
CR of ACIA 
SR of ACIA 
ROR of ACIA 
TOR of ACIA 


DIK HCI IC ICICI I OK CIC IOI ICI ICI ICICI IOI IK OHO IC HOOK IOI IC IOC 2K KOK HOOK KK 


*K 
* 
*K 


MAIN PROGRAM 


*K 


> EXPMN 


*K 


DE IC IK IK NK IC CK ICICI ICICI CCIE OK IK IOC KK IC HOHOIC I OHO ACHE CIC DKK IC OIC IK IC IC 


4 


* 
EXPMN 


ORG 


CLR 
STA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 
CLR 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 


$1000 


A 

MR 
CRA 
HSFF 
DDRA 
#S$04 
CRA 
#$02 
PIRA 
A 
CRB 
HSFF 
DORB 
#$04 
CRB | 
#$30 
FUNC 
#$06 
ENTRY 
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Clear INT2 mask flag 
Select DORA 
Select PIRA as output 
Select PIRA 


RS=0,R/W=1,E=0 





Select DORB 

Select PIRB as output 
Select PIRB 
Initialize FUNCCRAM) 


Initialize ENTRYCRAM) 
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00056 
00087 
00058 
O00S9 
00060 
00061 
00062 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
00072 
00073 
00074 
0007S 
00076 
O00?7 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
O0097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
00108 
00109 
00110 
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102B 
102E 
1030 
1032 
1034 
1037 
1039 
103C 
103E 
1041 
1042 
1044 
1046 
1048 
104B 
104D 
1O4F 
1052 
1054 
1056 
1058 
1056 
1050 


LOSF 
1061 
1063 
1066 
1068 
1068 
106D 
1070 
1072 
1075 
1077 
107A 


107B 
1O7C 
10°F 
1082 
1084 


CD 
AD 
A6é 
Br 
CO 
A6 
Cr 
A6é 
C? 
9A 
Bé 
2? 
Bé 
CD 
3F 
AG 
Cr? 
B6é 
Br 
Br? 
CD 
AD 
20 


AD 
A6 
Cr 
A6 
C? 
Bé 
C? 
A6 
C? 
A6 
C? 
81 


GF 
Cr 
Cr 
A6é 
Cr 


1OFF 


2003 
2002 
04 

2003 


JSR EXPINT Initialize LCO-II 

BSR EXPBSY Check busy flag 

LDA H#S$OE Store instruction of LCO-ITI 

STA INSDAT 

JSR EXPINS Write instruction 

LDA H$97 Master-reset ACIA 

STA CR 

LDA H$95 Initialize ACIA 

STA CR 

CLI Enable interrupts 
EXPMN1 LDA KEYORF Test Key receive flag 

BEQ EXPMN1 loop if not Key on 

LDA KEYDAT Load Key data 

JSR TPR ASCII lLowercase->uppercase 

CLR KEYORF Clear Key receive flag 

LDA H$9S Set signal RTS=0 

STA CR 

LDA KEYDAT 

STA OUTDAT Store output data 

STA: DSPDAT Store display data 

JSR EXPOUT Type character 

BSR EXPDSP Display character 

BRA EXPMN1 
D8 DK DIK IC IC DIK IC IC EC IK IK OR HOHO I HC OHOK ICC ICICI ICICI IK KICK IK IC IK IC I IC IC IC IC HOOK IK IK 216K 
>» * 
>» NAME EXPDSP CDISPLAY CHRACTERS)? K 
>» 2 
NE IC DIC DIK DC DIK DIK IK IK IK IK IK CK IK IK IK IK CK IK I IC ICI IK DIK KK KK IK CIC IK ICC ICICI IK IC IC IKK OK KICK 
>K * 
ENTRY DSPDAT CDISPLAY DATA) *K 

NOTHING * 


* RETURNS 
* | K 
FORO OOOO OOOO OOOO IORI OOOO IOOIOK KOK K 


EXPDSP BSR EXPBSY Check busy flag 

LOA HSO04 Set RS=1,.R/W=0,.E=0 

STA PIRA 

LDA #$0OS Set E=1 

STA PIRA 

LDA OSPDAT Write display data 

STA PIRB 

LDA HSO4 Set E=0 

STA PIRA 

LDA #SO2 Set RS=0,.R/W=1,E=0 

STA PIRA 

RTS 
OK FORK IOI OK HOOK IOKOK OK IOI IOIOK OR OK OK HOR OK OOK MOK HOI IOK ICO OIOHOHOK HOOK HOKE 
*K Kk 
x NAME : EXPBSY CCHECK BUSY FLAG) | > 
*K *K 


FORO OK IO IORI OOOO OOOO OOOO OO OOO IO HOK KKK 
EXPBSY CLR A 


STA CRB Select DDRB 
STA ODRB Select PIRB as input 
LDA H$04 Select PIRB 
STA CRB 
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00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 


108? 
1089 
108C 
108E 
1091 
1094 
1096 
1099 
109A 
109C 
109D 
1OA0 
10A2 
1LOAS 
10A? 
10AA 


10AB 
10AD 
1OAF 
10B1 
1083 
1085 
10B6 
1088 
10BA 
10BC 
LOBE 
10CO 
10C2 
10C4 
10C6 
10C8 
LOCA 
10CC 
10CE 
1000 
1002 
1004 
1006 
1008 
10DA 
100C 
LODE 
10E0 


Aé 
C7 
Aé 
C7 
Cé 
AE 
CF 
48 
25 
4F 
C7 
Aé 
C7 
Aé 
ce? 
81 


A6é 
Br 
A6 
B? 
AE 
SA 
26 
3A 
26 
A6 
B? 
AD 
3A 
26 
Bé 
B? 
AD 
AD 
A6é 
B? 
AD 
AD 
AG 
B? 
AD 
AD 
Bé 
B7 


02 
2000 
O3 
2000 
2002 
02 
2000 


FO 


2003 
FF 
2002 
04 
2003 


03 
8S 
80 
86 
1A 


FO 
86 
F? 
30 
80 
25 
85 
ES 
87 
80 
AF 
19 
08 
80 
A? 
11 
01 
80 
OF 
09 
88 
80 





EXPBY1 


LDA 
STA 
LDA 
STA 
LDA 
LDX 
STX 
LS 
BCS 
CLR 
STA 
LDA 
STA 
LDA 
STA 
RTS 


#$02 
PIRA 
#S03 
PIRA 
PIRB 
#$02 
PTRA 
A 
EXPBY1 
A 
CRB 
HSFF 
DORB 
HS04 
CRB 


Set RS=0,R/W=1,E=0 
Set E=1 


Read busy flag 
Set E=0 


Shift ACCA 1 bit Left 

Branch if busy flag=1?7 
Select DDRB 

Select PIRB as output 


Select PIRB 


DH DIC IC OC DIC EC KCK IC HOOK IC OK HOHOHOHOHC IC HOKE DEC ICICI CIC IC DIK DIK IK IK DK IK DIK IK 2K 2K IK IK OK ICI 2K OK 


»K 
* 
* 


NAME 


*K 


EXPINT CINITIALTIZE LCO-IT) * 


*K 


DE DIC DIK DIC ICC IC IC IC ECC OK IK IC HC EC CHE DI CC ECC HEC CEC OCC IK IC DICK IK IK IC KI OK IK DICK IK IK 2K OK 


OK 


xX * 


K 


ENTRY 
RETURNS 


FUNC 


*K 


CFUNCTION INITIALIZE DATAD »*x 
ENTRY CENTRY MODE INITIALIZE DATA) 
NOTHING 


*K 
*« 


DIE DI DK IK DIK HC OK CK CK IK ECC HHO OKC COD DIC EC DK DC KCC IK KIC EC IK IK DIK DIK CK 2K IK IKK IC KK KK 


EXPINT 
EXPIT1 


EXPIT2 
EXPITS 


LDA 
STA 
LDA 
STA 
LDX 
DEC 
BNE 
DEC 
BNE 
LDA 
STA 
BSR 
DEC 
BNE 
LDA 
STA 
BSR 
BSR 
LDA 
STA 
BSR 
BSR 
LDA 
STA 
BSR 
BSR 
LDA 
STA 








HS03 Initialize Loop counter 
TNCNT 
H$80 Initialize timer counter 
CUNT1 
HS1A Execute 30ms software timer 
x 
EXPIT3 
CUNT 1 
EXPIT2 
#$30 Store instruction to set 
INSDAT function 
EXPINS Write instruction in LCO-II 
TNCNT Decrement Loop counter 
EXPIT1 Test if loop counter=0 
FUNC Store initalization data 
INSDAT 
EXPBSY Check busy flag 
EXPINS Write instruction in LCO-II 
#$08 Store instruction to set 
INSDAT function 
EXPBSY Check busy flag 
EXPINS Write instruction in LCO-IT 
HSO1 Store instruction to clear 
INSDAT display 
EXPBSY Check busy flag 
EXPINS Write instruction in LCO-II 
ENTRY Store instruction of entry mode 
INSDAT 
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00166 
00167 
00168 


00169 


00170 
00171 
00172 
00173 
00174 
0017S 
00176 
00177 
00178 
00179 
00180 
00181 
00182 
00183 
00184 
00185 
00186 
00187 
00188 
00189 
00190 
00191 
00192 
00193 
00194 
00195 
00196 
00197 
00198 
00199 
00200 
00201 
00202 
00203 
00204 
00205 
00206 


00207. 


00208 
00209 
00210 
00211 
00212 
00213 
00214 
00215 
~— 00216 
00217 
00218 
00219 
00220 


814 


10E2 
10E4 
10E6 


10E7 
10E8 
10EB 
10ED 
10FO 
10F2 
10FS 
10F6 
10F9 
10FB 
1OFE 


10FF 
1101 
1104 
1106 
1108 
1108 


110C 
110E 
1110 
Del Z 
1114 
1116 
1118 


AD 
AD 
81 


4F 
Cr? 
A6 
C? 
Bé 
C? 
GF 
C? 
A6 
Gf 
81 


AG 
C4 
2e 
Bé 
Cr 
81 


Al 
295 
Al 
22 
AS 
B? 
81 


97 
O01 


61 
08 
tA 
04 
OF 
84 


BSR EXPBSY Check busy flag 
BSR EXPINS Write instruction in LCO-II 
RTS | 

YOR OK OK ORO IOIOK OK IORI IOI FOR OIF OK I OIOK IOI OHOROHOK OKO I IHC HOKE 

> *K 

> NAME EXPINS CSTORE INSTRUCTION) > 

*K *K 


FORO OOOO OO IO IOI IO IO IOI KKK KOK 
EXPINS CLR A Set RS=0,R/W=0,E=0 


STA PIRA 

LDA #$01 Set E=1 

STA PIRA 

LDA INSDAT Write instructio in LCO-II 

STA PIRB 

CLR A Set E=0 

STA PIRA 

LDA #S$O2 Set RS=0,R/W=1,E=0 

STA PIRA | 

RTS 
DIK DIK DIC DK DIK DIK DK IC IK IC EK CIC EC EC ICI DICK ICCC IC IK IK IC CK CIC ICC CIR IC IK IC IC IK ICICI HOHCHC IK IK IK 
K * 
>» NAME EXPOUT CSEND DATA) > 
* 
SOOO OOOO OOO OOO IO OOOO OR IO OR OK IO OR OOK IOI OK KOKI OK 
* > 
* ENTRY DUTDAT CCHARACTER DATA) > 
RETURNS NOTING > 
Kk 


ROK OOO IOI OR OOO OIO OK OIOK OOK OOK OOK ORO OOO KOK IOI OOIOK OK KOK KOK IK 2K OK KCK 


EXPOUT LDA #$02 Test if TORE of ACIA=1 

AND SR 

BEQ EXPOUT Loop if TORE=0 

LDA OUTDAT Write character data in TOR 

STA TOR 

RTS 
DK AK IK IC DIC DK IC IC IK IK ICICI ICI IK IC IK IK IC IC KIC IC IK IEC KIC ICI IC ICI IK KK ICICI IK KICK KOK IK 
*K *K 
* NAME TPR CCONVERSION OF ASCII LOWERCASE > 
*« INTO ASCII UPPER CASE) * 
*K *K 
DH DE DAK DIK DIK DEE DIK IK DIC DIC DIK DEC DIK DIK DIC IK IC IKK IK IC DICK IK IK I IC IC IC KIC KIC IK IK IKK IC IK IK KKK KKK 
*K *K 
> ENTRY = ACCA CASCII LOWERCASE) *K 
RETURNS KEYDAT CCONVERT ASCII DATA) K 

OK * 

ORO OFOI IOI OOO OK IOI OI OI KOK OK IOI OK OI OIOK KOK I OK KKK KK OK I IOKOKOOK 2K KK 2K IK KCK 
TPR CMP H'a ACCA-'a' 7. 

BCS TPRI Branch if ACCA<'a! 

CMP H'Z ACCA-'z' ? 

BHI TPR1 Branch if ACCAdD'z' 

AND HSOF Convert Lowercase into 

STA KEYDAT Uppercase 
TPR1 RTS 
DE DC DIK IK DIC ICC IK CHK IK KC IK IK IK KK IK IK ICI IK IC IC IC CIC IK IK DICK IC IC KIC IC IC IK IK IC DK 2K IC KK 
> K 
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00221 
00222 
00223 
00224 
00225 
00226 
00227 
00228 
00229 
00230 
00231 
00232 
00233 
00234 
00235 
00236 
00237 
00238 
00239 
00240 
00241 
00242 
00243 
00244 
00245 
00246 
00247 
00248 
00249 
00250 
00251 
00252 
00253 
00254 
00255 
00256 
00257 





1119 
1116 
1L1E 
1120 
1122 
1125 
1128 
112A 
LZ 
112E 
1130 
1133 
L155 


1FF6 


1FF6 
1FF8 
1FFA 
iFFC 
1FFE 


A6 
C4 
2r 
A6 
Cr? 
Cé 
Br 
A6 
B? 
A6 
Cr 
1F 
80 


01 
3000 
13 
DS 
3000 
3001 
84 
FF 
83 


3000 
OA 


1000 
1119 
1000 
1000 
1000 





XK NAME : EXPINP (RECEIVE DATA) x 
*« *K 
DHE DAC DIK IK DIC IC DIC DIK DIK IC EC IK DIK DC EC DIC DEC DK IK DC IK IK CK IK IK IK DIK DIK DIK IK IK IK IC IC KC CC CC IC IK IK IC IK IK 
*K *K 
x ENTRY : NOTHING x 
« RETURNS : KEYDAT (RECEIVE DATA) ok 
x KEYDRF CRECEIVE FLAG) x 
*K *K 
DK IC DIK DC DIK DIK DEC DIC IK IK IC DK IK CIC IK IK IK IK 4K KK EC CIC ICC IC IK 2K ICC IK IC IKK IK I IC HICIC IC IK IK IC K 


EXPINP LDA #$01 Test if RORF of ACIA=1 
AND SR 
BEQ EXPIP1 Loop if RORF=0 
LDA #$05 Set RTS of ACIA=1 
STA SR 
LOA ROR Read received data 
STA KEYDAT 
LDA RSFF Store key receive flag 
STA KEYORF 
LDA H$95 Set RTS of ACTIA=0 
STA CR 
EXPIP1 BCLR 7,MR Clear INT2 request flag 
RTI 
FOROOROOIO OOOO OK OOOO OOOO OOO OOO IOI OK IO OK IOOKOIOIOK 
> * 
>» VECTOR ADDRESSES 2 
> * 


DHE IK IK DIC DIK DK DIK IC DIC DIK DIK IK IK IK HOC CK IK EC HCCI DC HC DECK DIC IK HCC IK DIK IC DIK IC IK IK IK OKC IK IC OK 
*K 


ORG SIFFS 
* 
FOB EXPMN SCI/TIMERZ2 
FOB EXPINP TIMER/INT2 
FOB EXPMN INT 
FOB EXPMN SWI 
FOB EXPMN RES 
*K 
END 
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15. LOW POWER DISSIPATION MODE AND HA1835P CONTROL | 


15.1 HARDWARE DESCRIPTION 


(1) Function 


(a) Performs low power dissipation mode, and executes 
fail safe mode with HA1835P using the HD6305X0. _ 
Initialization of each mode is performed by switch 25 
switch 4. 

(b) In low power dissipation mode, performs wait mode by 
using switch 1, stop mode by switch 5 standby mode by 
switch 3. Counts down binary counter for LED in every 
second. 

(c) Turns on LED indicating execution of each mode. 

(d) In fail-safe mode with HA1835P, Switch 1 stops output- 


ting pulse to HA1835P and executes system runaway. 


(2) Microcomputer Applications 


(a) Executes wait mode, stop mode, and standby mode of the 
HD6305X0. 

(b) Wait mode is released by timer interrupt, stop mode is by 
INT interrupt, and standby mode is by STBY pin. 

(c) Controlling port A, MCU controls and outputs pulse to 


HA1835P. 
(3) Circuit Diagram 


} +5V 
! MCU 


4. 727415244 41D6305X0 
x2/8  _(HD6305Y0) 
182076 14 


1 
ag 
1820763 4. 7k2 i 
x2 1 ' 
SW3 poo 
° \ 2 


1pF ~erp >a RES 


BA ij Oswal | 


+12V 4.7k2 


+ 
Zr 10WF 
11{22| 10 
CS Vcc Vconr Vout|L3 
HAL835P ne 
CLK 
Re Cg GNDRR Cr 
Sl517 11] 2 
200k2 0.1uF +5V 







HD74LS244 +5V 
x 13/8 300213 
| erlaaiaaies | 


i gt | 


0.01uF 620k2 


i 
' 
tre one ae oo voll 


Fig. 1 Low Power Dissipation Mode and HA1835P Control 
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(4) Pin Functions 


The HD6305X0, switch, LED name and pin functions of HA1835P are 


Table 1 Pin Functions 







shown in Table l. 
Pin Name 
SW, LED, | Label 


Pin Name | Input/ [Level 
HD6305X0 : 
( 305X0) | Output HA1835P 


Controls Low power dis- 
HA1835P Sipation mode 

: Retain Low | Wait mode switch 
Pulse 
output 


AQ 
Low 
1 Input 5 HA1835P Sw2 
Low power dissipation mode 
Controls pulse for 
2 [ovepue | — | nates ctx pin, ct 
Drives LED indicating reset 
4 
1 
2 
3 
4 










Function 






rg 
S 
ri 
S) 


A 
Drives LED indicating 
Drives LED indicating 8-bit PBDTR 


Drives LED during standby 
Drives LED during stop mode LED12. |PCDTR 
execution. _ 
Drives LED during wait mode | LED13 
execution. 


SW3 


B5 





Activates standby mode switch 


Nia 


Low 
Low 
Low 
Low 
Low 


Input 
7 input. 
I HA1835P control and low power] SW4 
| BPUE dissipation mode. | 
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(5) Hardware Operation 


(a) Low Power Dissipation 
i) Standby Mode 


Timing chart in Standby Mode is shown in Fig. 2. 


Standby mode 


ae ————= 
| +. 


Oscillation 
stabilization 


time (toc) 


Fig. 2 Timing Chart in Standby Mode 


ii) Stop Mode 


Timing chart in Stop Mode is shown in Fig. 3. 


Min _, ALM 
2 Lirin_, 


Execute ew => 
STOP Oscillation stabilization 'Restart 


Oscillator 






instruction INT interrupt time instruction 
a , execution 
op mode S 
SW input top mode 
(INT) 


Restart by INT interrupt 


Fig. 3 Timing Chart in Stop Mode 
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1ii) Wait Mode 


Timing chart in Wait Mode is shown in Fig. 4. 


Wait salaewnacnl Le 


SW input T1,T2) TL ;T2; Tl | 72 T2; TL, Tl: Wait mode 
Wait mode T2: Program execution 





Program execution 
High: Execution 
Low : Wait mode 


| 
' 
{ 
t 
{ 
! 
| 
| 
| 





execution timing 


Timer interrupt 
timing 


Fig. 4 Timing Chart in Wait Mode 


(b) HA1835P Control 
Timing chart of pulse output and reset pin for 


watchdog timer is shown in Fig. 5. 


System burst 





Automatic reset signal 





Watchdog Error 


Output Switch | | 


Fig. 5 Timing Chart of Pulse Output 
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15.2 SOFTWARE DESCRIPTION 


(1) Program Module Configuration 


Program module configuration for switch board controlling 


HA1835P and low power dissipation mode is shown in Fig. 6. 


LWPMN 








LWPWCH 






LOW POWER 
DISSIPATION 







CONTROL 
HA1835P 


Fig. 6 Program Module Configuration 


(2) Program Module Functions 


Program module functions are summarized in Table 2. 


Table 2 Program Module Functions 


| , Demonstrates low power dissipation and | 
—. PENCE ROS eee HA1835P control. 
: LOW POWER ~ LWPMOD Tests operation of low power Pe 
DISSIPATION mode. 


Tests operation of watchdog timer 
using HAL835P. 







CONTROL HA1835P LWPWCH 
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(3) Program Module Sample Application (Main Program) 


The flowchart in Fig. 7 is an example of low power dissipation and 
HA1835P control performed by the program module in Fig. 6. 


5 
3 


Main Program 
WPMN 
$07>PCDTR 


ae 


Turns off all LEDs indicating low 
power dissipation mode. 
$07>PCDDR 


SOF>TCR Initializes LED counter. 


SFF>TDR Initialize TDR. 
SFF>PBDTR 
Turns off LED. 
SFF>PBDDR 


$O00°>CNTRD Initializes work area for LED. 


$OO°>CNTRI 


174, PADTR | 


Turns off LEDs indicating watchdog 


173 ,PADTR 
timer test and reset modes. 


$1C*PADDR 
LWPMN1 
(1,PADTR)=1 


Tests if low power dissipation mode 


1,PADTR 
Ss] operation or HA1835P control. 


y 


(1,PADTR)=0 


LWPMOD | ---4 Tests operation of low power dissipation mode. 
LWPMN2 


___| Tests operation of watchdog timer using 
| sla | HA1835P. 






4 
{ 
: 
--| Initializes 32ms counter. 
: 
: 


Fig. 7 Program Module Flowchart 
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15.3 PROGRAM MODULE DESCRIPTION 


PROGRAM MODULE NAME LOW POWER DISSIPATION MCU/MPU | |HD6305X0/YO| | LABEL 
FUNCTION 


Tests operation of low power dissipation mode. 


ARGUMENTS CHANGES IN CPU SPECIFICATIONS 
REGISTERS AND FLAGS ) 
@ 


: Not affected ROM (Bytes) 


x ; Undefined 


No. of cycles 


Interrupt 
























Storage Byte 
Location | Lgth. 


Entry 
Argu- | 
}] ments | | | | 
Re- 
turns 


DESCRIPTION 


(1) Function Details 












Contents 













(a) Program module LWPMOD has no arguments. 


(b) Executes standby mode, stop mode, and wait mode with switch. Lights 
corresponding LED for each mode; LED turns off after reset. 


(2) User Notes 
(a) Executes only one mode at a time. 


(b) Selects only one mode switch. 


SPECIFICATIONS NOTES 


"No. of cycles"in "SPECIFICATION" represents the number of | 
cycles required when data is not stored in SBRAM(RAM) and 
each mode is executed once. | eg % 
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| PROGRAM MODULE NAME. MODULE NAME | Low POWER DISSEPATION | POWER DISSIPATION | cu/meu | ncu/pu | [D6305x0/¥0 [LABEL LwPvod 


[_pescrrprion —_| 


(c) 
(d) 


Initializes timer. 


Selects DDRs of bit 0-2 of port C as output. 


(3) RAM Description 


Label Description 

CNTRD Stores 32ms counter. 

CNTRI Stores ls counter. 

SBRAM Stores decision data to check reset data from 


STANDBY mode. 





(4) Sample Application 


Calls program module LWPMOD after selecting I/O port and clearing RAM. 


LDA #$07 

STA PCDTR | Turns off all LEDs indicating modes. 
STA PCDDR 

CLR CNTRD ---Clears 32ms counter. 

CLR CNTRI -~--Clears ls counter. 


| JSR LWPMOD ---Call program module LWPMOD. 


(5) Basic Operation 


(a) 


(b) 


(c) 


Enters STANDBY mode by setting signal STBY to Low, returns with STBY to 
High. 

Software checks whether operation starts after activating on power or 
returns from STANDBY mode. 

When operation returns from STANDBY mode, turns on LED.if not, 

stores comparison data in SBRAM(RAM). 


Enters STOP mode by setting signal INT to High, returns with INT to Low. 
When setting signal INT to High, LED indicates STOP mode and executes 
stop instruction. When Low, returns from STOP and turns LED off. 


Enters WAIT mode by setting WAIT mode switch to High, returns with Low. 
Returns at every timer interrupt and executes interrupt routine. 

When WAIT mode switch is Low, enters WAIT mode after interrupt. 

Whether or not operation is returned at every timer interruption can be 
confirmed by LED counter incremented after return. When setting WAIT 
mode switch to High, turns on LED indicating WAIT mode and executes WAIT 
instruction. When Low, returns from WAIT mode and turns off LED indicat- 
ing WAIT mode. 
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PROGRAM | PROGRAM MODULE NAME. | PROGRAM MODULE NAME. [Low PowER DrsstPAriON | [Low PowER DrsstPAriON | DISSIPATION vous 'm06305x0/¥0 LABEL WPMD 







[_ Ftowcuarr 
LWPMOD 
LWPMOD 
(SBRAM)#$AA_-(SBRAM) 
=SAA Tests whether operation starts after 
(SBRAM) .__| activating power or returns from 
(SBRAM+1) =SAA STANDBY mode according to contents 
#$55_-SBRAMP of RAM. 
$55 
SBRAM+1 ) 
= S$ 5 
$06PCDTR ---{ Turns on LED indicating STANDBY mode. 
LWPMD 2 
SAA*>SBRAM | 
, Stores comparison data to test if 
returns is caused by STANDBY mode. 
$55*SBRAM+1 
---| tnables interrupt. 


Tests whether operation enters STOP 
mode with signal INT. 


Turns ON LED indicating STOP mode. 
release of STOP mode. 

Enters STOP mode. 

Enables interrupt. 


Turns off LED indicating STOP mode. 


__ am interrupt considering 
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FLOWCHART 


PROGRAM MODULE NAME || LOW POWER DISSIPATION MCU/MPU | | HD6305X0/YO} } LABEL 







LWPMD4 


,PADTR)=1 
(0 )=1 0, PADTR 
=} 


(0,PADTR)=0 
---| Turns on LED indicating WAIT mode. 


mode. 







---| Bee whether operation enters WAIT 


| Enters WAIT mode. 


Turns off LED indicating WAIT mode. 


7+PCDTR cael 
te counter data indicating 






(CNTRD) 
+PBDTR 
SFF>PBDDR 


LED in port B and lights LED. 
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| PROGRAM MODULE NAME CONTROL HA1835P MCU/MPU | | HD6305X0/YO| | LABEL 


FUNCTION | 








Tests watchdog timer operation using HA1835P. 
ARGUMENTS |} CHANGES IN CPU SPECIFICATIONS 
: REGISTERS AND FLAGS 
Storage Byte @ 


| 44 
| RAM (Bytes) 
Entry | 
Re- | 
turns| 


DESCRIPTION 
(1) Function Details 




















: Not affected 
x : Undefined 
t : Result 









Stack (Bytes) 
No. of cycles 


Interrupt 








(a) Program module LWPWCH has no arguments. 
(b) Controls HA1835P using switch. 
(2) User Notes 
(a) Selects DDRs of bits 2, 3 and 4 of port A and ports B and C as output. 


(b) Selects DDRs of bits O and 1 of port A as input. 


SPECIFICATIONS NOTES 






"No. of cycles" in "SPECIFICATIONS" represents the number of 
cycles required when data is not stored in ERRAM(RAM) and 
an pulse generation is selected by switch. 
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| PROGRAM MODULE NAME | PROGRAM MODULE NAME NAME CONTROL | CONTROL HALE35P cu/meu HD6305x0/YO 06305x0/x0|| tase. | hawce LWPWCH 


[__pescrrerion _| 


(3) 


(4) 


RAM description 


Label RAM Description 
pe pe Stores check data which tests whether 
ERRAM Upper 
ee operation starts after activating power 


or returns from watchdog timer error. 
Sample Application 
Calls program module LWPWCH after selecting I/O port and clearing RAM. 


' 
BSET 4, PADTR --—-- Turns off LED indicating watchdog timer test mode. 


BSET 3, PADTR —--—- Turns off LED indicating watchdog timer reset. 


JSR LWPWCH | -—--- Calls program module LWPWCH 


(5) 


I 
Basic Operation 


(a) Lights LED indicating watchdog timer mode, after main switch is 
activated. 


(b) When watchdog error switch is turned off, outputs pulse by lms software 


timer. When turned on, stops pulse output and enter eternity loop. 


(c) When turning off watchdog timer error switch, re-calls program after 
reset. If data in ERRAM(RAM) and decision data are the same, turns on 
LED indicating reset by watchdog timer error. 


(d) Stores check data if it is not stored in ERRAM(RAM). 
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PROGRAM MODULE NAME CONTROL HA1835P | MCU/MPU | |HD6305X0/YO}{ LABEL | ILWPWCH 
FLOWCHART | 














Dia! Lights LED indicating watchdog timer 
mode after activating main power. 


ayy ERRAM) =$55 Tests reset is performed by main switch. 


ens activation or by watchdog timer 
according to contents of RAM. 


0>4,PADTR 


(ERRAM)#$55 


(ERRAM+1)=SAA 


0>3,PADTR _____.| Lights LED indicating reset after 
watchdog timer error. 
1+4,PADTR | 










_....., Turns off LED indicating watchdog 
timer mode. 


Stores comparison data in RAM to test. 
resetting from watchdog timer error. 


switch is on. 


Tests whether watchdog timer error 
If ON, output pulse cannot be performed. 


(0, PADTR)=0 
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PROGRAM MODULE NAME CONTROL HA1835P MCU/MPU | | HD6305X0/YO} } LABEL 


FLOWCHART 







250°ACCA 


----4 Executes lms software timer. 


(2,PADTR)=0 


1>2,PADTR 
LWPWH4 
0>2,PADTR 


Outputs High and Low into HA1835P by 
Ims intervals. 
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15.4 SUBROUTINE DESCRIPTION 


| SUBROUTINE NAME | NAME INCREMENT | INCREMENT COUNTER vous D6305x0/¥0 ABEL ‘taper. | kweow 


[Function 









Decrements LED counter CNTRI (RAM). 


BASIC OPERATION 


This subroutine is called for each 32ms timer interrupt. 
Uses two counters to count up each second. 
When incrementing one counter every timer interrupt, one second interval 


is obtained after 30 times incrementing. 


. 5 THIS SUBROUTINE 
f LWPCNT | 


LWPCNT 


0*+7,TCR_ 
(CNTRI)+1 
+CNTRI 


(CNIRI) #30, 
























----{ Clears interrupt request bit. 





Increments 32ms counter. 


fie on LED by decrementing in 





binary once each second during WAIT 
mode execution. 


$00>CNTRI 
>CNTRD 





----| Increments ls counter. 
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PROGRAM LISTING 





00001 *« 
00002 OK IK OK RAM ALLOCATION FORO OIC OK IOI I IOKHOK HOK 
00003 * 
00004 0080 ORG $80 
00005 * 
00006 0080 0001 CNTRD RMB 1 1s counter 
00007 0081 OOO] CNTRI RMB 1 32ms counter 
00008 0082 0002 ERRAM RMB 2 Watch dog data RAM area 
00009 0084 0002 SBRAM RMB Z Standby RAM area 
00010 * 
00011 OH OK OK SYMBOL DEFINITIONS totototototok ok otokok IOI OK I HOOK 
00012 * : 
00013 0000 PAOTR EQU $00 Port A data register 
00014 0001 PBDTR EQU $01 Port B data register 
00015 0002 PCOTR EQU $02 Port C data register 
00016 0004 PADDR EQU $04 Port A data direction register 
00017 0005 PBDDR EQU $05 Port B data direction register 
00018 0006 PCDDR EQU $06 Port D data direction register 
00019 0009 TCR EQU $09 Timer control register 
00020 0008 TOR EQU $08 Timer data register 
00021 FOOIOIOOK OK OO OOIOR ICIOROOIOIOR TOR IO OOK HOR KOK OK IOI OK TORI OOK HOOK IK 
00022 * * 
00023 7k MAIN PROGRAM LWPMN * 
00024 * *K 
0002S FORO OOOO OOOO IORI OI OOOO OK HOR FOR OR OK ORO HOR HOOK 
00026 * 
00027 1000 ORG $1000 
00028 * 
00029 1000 Aé6é O07 LWPMN LDA HS$07 
00030 1002 B? O02 STA PCOTR Turn off LED 
00031 1004 B? 06 STA PCDOR Select port C bitO-2 as output 
00032 1006 A6 OF LDA HSF Initialize TCR 
00033 1008 B7 O09 STA TCR 
00034 100A A6 FF LDA KHSFF Initialize TOR 
00035 100C B? O08 STA TOR 
00036 100E B? Ql STA PBDOTR Turn off LED 
00037 1010 B? OS STA PBDOR Select portB as output 
00038 1012 3F 80 CLR CNTRO Clear ls counter 
00039 1014 3F 81 CLR CNTRI Clear 32ms counter 
00040 1016 18 O00 BSET 4,PADTR Turn off LED 
00041 1018 16 OO BSET 3.PADTR Turn off LED 
00042 LOIA AG 1C LDA HS1C Select port A bit2-4 as output 
00043 101C B? 04 STA PADDR 
00044 1O1E O02 OO OS LWPMNI BRSET 1.PADTR.LWPMN2 Branch if HA183S5P 

test mode 
00045 1021 CD 1028 JSR LWPMOD Execute Low power mode | 
00046 1024 20 FB BRA LWPMN1 
00047? 1026 CD 106E LWPMN2 JSR LWPWCH Execute HA1835P mode 
00048 1029 20 F3 BRA LWPMN1 
00049 FORO OOK IOOIOOOOIOIOIO OOOO IORI OR OOO IO HOK 
00050 2K x 
00051 >» NAME LWPMOD CLOW POWER DISSIPATION) * 
00052 *« * 
00054 * a 
000S5 »K INPUT NOTHING *« 
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000S6 
OO0OS? 
00058 
00059 
00060 
00061 
00062 
00063 
00064 
0006S 
00066 
00067 
00068 
00069 
00070 
00071 
O00?2 
00073 
00074 
0007S 
00076 
0007? 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
0009S 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
0010S 
00106 
00107 
00108 
00109 
00110 


832 


1028 
102D 
102F 
1031 
1033 
1035 
1037 
1039 
1038 
103C 
103E 
1040 
1042 
1044 
1046 
1048 
104A 
1040 
LO4F 
1051 
10S3 
1085 
1056 
1058 
1OSA 
1058 
105C 
1050 
10SF 
1061 
1063 
1065 
1067 
1068 
106A 
106C 


106E 
1070 
1072 
1074 
1076 
1078 


AG 
Bl 
26 
AG 
Bl 
26 
A6 
Br 
SA 
20 
A6 
B? 
A6é 
BY 
20 


00 
Bé 
B? 
AG 
B? 
81 
AG 
B? 
78 
BE 
9A 
A6 
B? 


AG 
BY? 
BF 
A6 
B? 
20 


19 
A6 
Bl 
26 
AG 
Bl 


AA 
84 
00 
5S 
85 
O07 
06 
02 
OA 
AA 
84 
55 
85 
F3 
oc 
00 
80 
01 
FF 
OS 


OS 
02 


Or 
02 
ES 


02 


O07 
O02 
DC 


00 
55 
82 
OC 
AA 
83 


16 


* OUTPUT NOTHING , * 
O x 
ROO IORI OOOO IO IOROK IORI OOO HOOK HOK IKK 


LWPMOD LDA HSAA Test if SBRAM=$AA? 

CMP SBRAM 

BNE LWPMD2 Branch if not equal 

LDA H$55 Test if SBRAM+1=$557 

CMP SBRAM+1 

BNE LWPMD2 Branch if not equal 

LDA HSO6 Stand by LED on 

STA PCDTR 
LWPMD1 CLI Enable interrupt 

BRA LWPMD3 
LWPMD2 LDA HSAA Store $AA in SBRAM 

STA SBRAM 

LDA H$55 Store $55 in SBRAM+1 

SA SBRAM+1 

BRA LWPMD1 
LWPMD3 BIH LWPMDS Test if STOP mode? 
LWPMD4 BRSET O,PADTR.LWPMD6 Branch ff WAIT mode? 

LDA CNTRO Counter LED on 

STA PBDOTR 

LDA HSFF Select port 8B as output 

STA PBOOR 

RTS 
LWPMDS LDA HSOS Stop mode LED on 

STA PCOTR 

SEI Disable intrrupt 

STOP STOP mode 

CLI Enable interrupt 

LDA HO? 

STA PCOTR ALL LED off 

BRA LWPMD3 CINT>) = 1 -> WAIT mode Loop 
LWPMD6 LDA HO3 Wait mode LED on 

STA PCDTR 

WAIT WAIT mode 

LDA HO? ALL LED off 

STA PCOTR 

BRA LWPMD4 
FOO ORO OOO OOOO FOR ICO OOK IORI HOOK OK IORI HOR OOO OOK HOOK OK 
K *K 
* NAME LWPWCH CCONTROL HA183S5P) »K 
K * 
DEC DIC HE IEICE ICCC IKK IK IC HOHE OHO HCHO ICICI HOOK ICICI IOI IC HOODIE IK IC 2K ICICI 
K > 
K INPUT NOTHING > 
K OUTPUT NOTHING ok 
> * 


OOO OOO OIOROROOIOIOR OR HOI ORO OOROIORIOR OOOO OK IO IOK OK IOIOKOK 


LWPWCH BCLR 4,PADTR Watch dog LED on 
LDA H$S5 Test if ERRAM+1=$55 
CMP ERRAM 
BNE LWPWH1 Branch not equal 
LDA HSAA Test if ERRAM=$AA?7 
CMP ERRAM+1 
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00111 
00112 
00113 
00114 
00115 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 


107A 
107C 
107E 
1080 
1082 
1084 
1086 
1088 
108A 
108D 
108F 
1090 
1092 
1095 
1097 
1099 
1098 


109C 
109E 
10A0 
10A2 
10A4 
1OA6 
10A8 
LOAA 


1FFO 


1FF6 
1FF8 
1FFA 
1FFC 
LPeE 


26 
1? 
18 
20 
A6é 
B? 
A6é 
Br 


A6 
4A 
26 
04 
14 
20 
1S 
81 


1F 
3C 
Aé 
Bl 
26 
3F 
oS 8 
80 


06 
00 


08 
SS 
82 
AA 
83 


FA 


FD 
00 
00 
Q2 
00 


O09 
81 
30 
81 
04 
81 
80 


1000 
109C 
1000 
1000 
1000 





FD 


04 


Branch if 


Watch 
Watch 


Store 


Store 


0,PADTR, LWPWH2 


not equal 
errar LED on 
LED off 


dog 
dag 


$55 in ERRAM 
SAA in ERRAM+1 


Loop if W.D sw on 


Execute lms software timer 


2,PADTR, LWPWH4 
Z2,PADTR Set CLK=1 


Branch if CLK=1 


Set CLK=0 


DK AK HC EC HC EC CCC DEC EC KK HC IK DIK KEK KC IC IK IK KC EK IC IC IC HK 2K DC DICE IC OK EC OI KIKI OK OK OIOHOHCOK 


*K 


LWPCNT CINCREMENT COUNTER) * 


*K 


DK DIK DK DK IC IC CICK IC IK CK 9K I IC CK IKK IC CIC IKK KOO OHIO OOK HOR HOHOK OK HOKOOK 


BNE LWPWH1 
BCLR 3,PADTR 
BSET 4,PADTR 
BRA LWPWH2 
LWPWH1 LDA #$55 
STA ERRAM 
LDA HSAA 
STA ERRAM+ 1 
LWPWH2 BRSET 
LDA #250 
LWPWH3 DEC A 
BNE LWPWH3 
BRSET 
BSET 
BRA LWPWHS 
LWPWH4 BCLR 2,PADTR 
LWPWHS RTS 
* 
* NAME 
*K 
LWPCNT BCLR CelCR 
INC CNTRI 
LDA #$30 
CMP CNTRI 
BNE LWPCT1 
CLR CNTRI 
INC CNTRD 
LWPCT1 RTI 


Clear 


Increment 32ms 
if CNTRI=30 


Test 


interrupt request bit 
counter 


Brabch not equal 


Clear 


32ms counter 


Increment 1s counter 


DE DC DEC DK DECK COE DC DC DK IC IC DK DK KC IC CEC EC KC CC EC HCC IC IK KCK IC CC IK IC KC 2 IKK KK IK KOK OK 


K 
*K 
»K 


* 


VECTOR ADDRESSES * 


>K 


DEC IK DK DIK DICK CK CIC IK DC OK IC EC CICK IC OIC CICK KI HOI KOK IC HCI CK KK OOK KK KK 


*K 


*K 


ORG SIFF6 
FOB LWPMN 
FDB LWPCNT 
FOB LWPMN 
FDB LWPMN 
FOB LWPMN 
END 
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TIMER/INT2 


INT 
SWI 
RES 
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HD6305/HD63L05 SERIES HANDBOOK 


Section Eight 


APPENDIX: 


Technical Q and A (Part I) 


8-Bit Single-Chip Microcomputer 


HD6305X0, HD6305X1, HD6305X2 
HD6S05Y0, HD6S05Y1, HD63505Y2 
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PREFACE 


The HD6305X and HD6305Y are microprogram-controlled 8-bit 
Siagile-ehie microcomputers that use CMOS 2.5 um technology. 
They have a very high compatibility with the HD6805 in terms 
of instruction set. The CPU, ROM, RAM, I/O, timer, and 
serial communications interface (SCI) are all integrated 


into one chip. 


Each HD6305X-series microcomputer consists of: A HD6305xX0 
with a 128-byte RAM and a 4-kbyte ROM on a single chip; a 
HD6305X1 connectable to external memory; and a HD6305X2 


without ROM. 


Each HD6305Y-series microcomputer consists of: A HD6305Y0 
with a 256-byte RAM and a 8-kbyte ROM on a single chip; a 
HD6305Y1 with optional external memory; and a HD6305Y2 


without ROM. 


The CMOS technology enables these models to operate over a 
wide range of supply voltages (Vcc operates in the 3 V- 6 V 
range at operating frequencies of 0.1 MHz - 0.5 MHz) with 
less power consumption. The lLow-power-consumption modes 
(STOP, WAIT, and STANDBY) available with these models permit 


further power savings. 


The instruction set includes DAA (decimal adjust instruc- 
tion), and STOP and WAIT (used to enter the corresponding 
low-power-consumption modes), in addition to the HD6805 
instruction set. The minimum instruction execution time is 


0.5 usec/cycle (f=2 MHz), permitting high-speed operation. 
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HOW TO USE THIS MANUAL 


This TECHNICAL QUESTIONS AND ANSWERS is a user ref- 
erence manual that has been compiled in gquestion-and- 
answer form. It is based on technical inguiries from 


HITACHI microcomputer users. 


This manual should be used in conjunction with the 
appropriate data book (which you should already have). 
You can make best use of this manual either by: reading 
all of it before you start to design any microcomputer- 
applied products, in order to strengthen your technical 
background; or referring to it during the actual design 
process, uSing it to help you solve specific problems 


that may arise. 


Although some of the items supplement the data book, 
most of them are inquiries from the users. In order to 
meet future needs, we are prepared to increase the 


number of Q & A items and to update the data book. 
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Timing 

(3) SSR7 (SCI Interrupt Request Bit) Set Timing QA635-021B 846 
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initializing) 
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(9) Servicing SCI (Serial 1/0) Interrupt while QA635-037A 
Masked 
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and E Clock Timing 
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(2) Using Bit Manipulating Instruction for Output QA635-023B 880 
Ports 


CTE 


(1) Statuses of Address Bus, Data Bus and Control QA635-041B 881 
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No. QA635-001B 


Type | HD6305X0/X1/X2 Device O4s B@ 8s 0 8M 0 16M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sD 0 SBC 


Theme 










Outputting Data from Ports after a Reset 








Classification 


Question 


A/D Converter 


* 





Which operation should be performed first to output data 
through input ports A, B, C, D and G after a reset?; 
storing data in the Data Register of the ports or 
designating the corresponding DDR (Data Direction 
Register)? 








Oscillator 


Data Buffer 


Applicable Manual 





nN 





Answer 












Store the data to be output in the Data Register first, 
and then designate the corresponding DDR to data output 
(DDR=1). 

Since a reset causes the Data Register to become 0, if the 
DDR is designated to data output before data is stored in 
the Data register, 0 is output to the ports. 











8-bit Single-chip 
Microcomputer 
Data Book 
















Other Data Document 


Reference Q & A Sheet 


No. 







QA635-015B 






The HD6305X1/X2 and HD6305Y1/Y2 do not have port G. 
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No. QA635-002B 


Type | HD6305X0/X1/x2 Device oO 4s @ 8s 0 8M 016M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 
Theme } serial I/O Pin Status 


After ports C5 to C7 4re respectively used as CK, Rx 

and Tx pins of the SCI (serial I/0), these ports are spe- 
cified as I/O pins using the SCR (SCI Control 

Register) (SCR7=SCR6=SCR5=0). What is the value of the DDR 
(Data Direction Register) when the ports are used as I/O 
pins? 


















Classification 


* | Parallel Port 
I 





Serial Port 
Timer/Counter 







BUS Interface 






1 







Data Buffer 
Others 
| Applicable Manual | 






Title 









The DDR retains the value for the SCI, as shown below. 








8-bit Single-chip 
Microcomputer 
Data Book 


Other Data Document 


Title 














Notes 
When Tx is used, SCR7=l. 
When Rx is used, SCR6=l. 
In the case of external clock 














0 (input port) 






source mode. 
In the case of internal clock 








1 (output port) 





source mode. 










Even when the SCR value is changed after the SCI is used, 
the DDR value shown in the above table is maintained. When 
using C5 to C7 as I/O ports, rewrite the DDR value using 
software. 





Reference Q & A Sheet 


Supplement | 
SCR (SCI Control Register: $0010) 


7 6 5 4 3 2 a 0 
[ scr7 | scré | scrs | scr4 | scr3| scrz | scri | scro | 





{sss Clock source selection bit 
SCI data input enable bit 
SCI data output enable bit 
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Type | HD6305X0/X1/X2 Device oO 4s w@ ss 0 8M 0 16M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator OSD O SBC 


Theme 









Using Port C when Serial I/O is Used 





Classification 


* | Parallel Port 


uestion 





Q 


When ports C5 to C7 are used as the SCI (serial I/O), is it 
possible to use ports Cg to Cy as usual I/O pins? 






Oe pa eel 


Answer 















Yes. These ports can be used as usual I/0 pins because 
they are independent of the SCI. The ports affected by the 
SCR (SCI Control Repister) when the SCI is used are ports 
C5 to C7 only. Input and output functions of ports Cg 

to C, are selected using bits 0 to 4 of port C's DDR 

(Data Direction Register). 









8-bit Single-chip 
Microcomputer 
Data Book 













Other Data Document 
Title 






Reference Q & A Sheet 


Supplement 
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No. QA635-004B 


Type | HD6305X0/X1/X2 Device| O45 mss D 8M O16M UO Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator 0 SD O SBC 
Theme | pegignating Input or Output Operation of Serial I/O Clock Pin 














Classification 


Oscillator 
Evaluation Kit 
SU a cate eee chek a 


Does setting 0 or 1 in the corresponding DDR (Data 
Direction Register) enable the clock pin CK to be 
designated as an input or output pin when the SCI 
(serial 1/0) is used? 





Answer 













No. Bits 4 and 5 (SCR4, 5) of the SCR (SCI Control 
Register) designate the CK pin as input or output when the 
SCI is used, not the DDR. 

As shown below, the combination of bits 4 and 5 enables the 
SCI clock source selection, determining whether the CK pin 
is specified as an input or output 


SCR5 | SCR4 CK pin (port C5) 
| 0 | Used as I/O pin (according t 
the DDR) 







8-bit Single-chip 
Microcomputer 
Data Book 


Other Data Document 




















Clock output (DDR output) 
Clock input (DDR input) 


Note: The selection of input or output is made by the DDR 
when SCR5 is 0 and SCR4 is 0 or l. 






Lay 
ee 





1 





Reference Q & A Sheet 


Supplement 


SCR (SCI Control Register: $0010) 


7 6 S 4 3 2 0 


Clock source selection bit 





] 
SCR1I 
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No. QA635-005B 
HD6305xX0/X1/x2 Device oO 4s mss 0 8M 0 16M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sp 0 SBC 


Theme {scr prescaler Initialize Timing and Clock Output Timing 












Classification 


Serial Port 


Oscillator 

Reset 

Low Power Consumption 
EPROM-on-chip 
Software 


e o 


Evaluation Kit 


Data Buffer 
Applicable Manual 


Question 








At what timing is the SCI (serial I/O) prescaler initiali- 
zed? 

In addition, when the internal clock is used (SCR4=0, 
SCR5=1), at what timing is the CK (serial clock) output? 






Answer 
















The prescaler is initialized when data is read from or 
written into the SDR (SCI Data Register). 

When the internal clock is used, the CK is output at the 
baud rate specified by bits 0 to 3 of the SCR (SCI Control 
Register), immediately after the data reading/writing. 

The SCI timing chart is shown below. 







8-bit Single-chip 
Microcomputer 
Data Book 


Other Data: Document 


Title 















Previous data 





Serial clock 





(C5/CK) Gok: A : ‘ : ; 
Output data 

(corte) — XESeXL XK XX XXX ss 
re en Reference Q & A Sheet 
latch timing 





(C—eA/Rx) 






SCI Timing Chart 
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No. QA635-021B 


Type | HD6305X0/X1/xX2 Device oO 4s @ 8s 0 8M 016M O) Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 
Theme | ssr7 (SCI Interrupt Request Bit) Set Timing 














Classification 


Parallel Port 
* [Serial Port 





After 8-bit data transmitting or receiving through the SCI 
(serial 1/0) is completed, SSR7 (SCI interrupt request bit) 
of the SSR (SCI Status Register) is set. At what timing is 
this setting performed? 


BUS Interface 
Sas reer 


Answer 





SSR7 is set at the rising edge of the 8th CK (serial clock) 
as shown below. 


Serial clock | 
{C5/CK) / 
Output data * Ae Hes Poe Ore totes ; 
ae 1) (i ae ib ie Gms Ce (ES: 
Input data 
latch timing 


(C6/Rx) 



















Other Data Document 









Reference Q & A Sheet 


SSR? 


SSR (SCI Status Register: $0011) 








6 5 4 





3 





7 





SCI interrupt request bit 
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No. QA635-024B 


Type | HD6305xX0/X1/xX2 Device} O4S m 8s 0 8M 0 16M O Software 
HD6305Y0/Y1/Y2 OEvaluation kit, Emulator 0 SD 0 SBC 


Theme Using SDR (SCI Data Register) when Serial I/O is not Used 















Question Classification 


Parallel Port 


Is it possible to use the SDR (SCR Data Register: $0012) as 
a general-purpose register when the SCI (serial I/O) is not 
used? 


Evaluation Kit 
Emulator 


Data Buffer 


Others 


Answer Applicable Manual 


Title 
Yes. The SDR can be used as a general-purpose register 
when the SCI is not used i.e., when the SCI clock is 
stopped with SCR4 to SCR7 being 0. 


Other Data Document 


Reference Q & A Sheet 


~— 
o 


Supplement 


SCR (SCI Control Register: $0010) 
6 5 4 3 2 0 


7 


Clock source selection bit 
SCI data input pin enable bit 
SCI data output pin enable bit 
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No. QA635-025B 


Type | HD6305X0/X1/xX2 | o4S mss O8 O16M  O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 


Theme Accessing SDR (SCI Data Register) 


Question Classification 


Parallel Port 
What will happen if data is read from or written into the * | Serial Port 
SDR (SCI Data Register) while another data is being Timer/Counter 
transmitted or received through the SCI (serial I/0)? BUS Interface 
nterrupt 
/D Converter 


Low Power Consumption 
on-chip 

oftware 
Evaluation Kit 


ty 
ae) 
x 
© 
in 


mio 
MO {WH 
nm IO 
om |H- 
ct |e 
— 
eh) 
ct 
° 
RK 


oO;o 5) é2) 
B 
G 
— 
& 
ct 
io) 
4H 


ata Buffer 


thers 
Applicable Manual 


Answer 


Normal operation can not be guaranteed for either 
transmission or reception. Do not access the SDR during 
data transmitting or receiving since the SCI becomes 
disabled after the access (the MCU must be reset to use 
the SCI again). : 













Other Data Document 
Title 


Reference Q & A Sheet 
No. 


QA635-033A 





SDR (SCI Data Register: $0012) 


7 6 5 4 3 2 1 0 
Receive —-|mMsB | | =| | CT CT SB} ~~ Transmit 
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Type | HD6305X0/X1/xX2 O45 mss O8m Ol6mM Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 
ren |esecin SSR (SCI Interrupt Request Bit) 


Classification 
arallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
nterrupt 
/D Converter 
scillator 
Reset 
Low Power Consumption 
EPROM-on-chip 
oftware 


* 
ac) 


After data is transmitted or received through the SCI 
(serial 1/0), SSR7 (SCI interrupt request bit) is set 
to l. At this time, if 0 is set in SSR7 by software 

to clear the bit, is it possible to transmit or receive 
the next data? 


valuation Kit 
mulator 


—] 


ata Buffer 
thers 

Applicable Manual 
Title 


© 





No. When 0 is set in SSR7 by software, this bit is 

cleared, and the next data transmitting and receiving can- 

not be performed. SSR7 is cleared under the following con- 

ditions. 

(1)When data is read from or written into the SDR (SCI Data 

Register). 

(After SSR7 is cleared and the octal counter is reset, 
the next data transmitting/receiving is executed.) 

(2)When 0 is set in SSR7 by software. 

(The SCI's octal counter is not reset, enabling no data 
transmitting/receiving.) 

Therefore, repeat data reading or writing from/into the SDR 
to transmit/receive data repeatedly. 

Dummy-read the SDR before receiving the first data. 












Other Data Document 
Title | 










Reference Q & A Sheet 






SSR (SCI Status Register: $0011) 














4 





6 





3 





3 
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No. QA635-030A 
[type | #D6305x0/x1/x2 Device] O48 8S  O8M  O16M Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sD 0 SBC | 
Theme | Transmitting and Receiving Data Simultaneously through Serial I/0 


Classification 


Parallel Port 
* | Serial Port 
Timer/Counter 
BUS Interface 
nterrupt 
/D Converter 
scillator 
eset 
Low Power Consumption 





|Is is possible to transmit and receive data simultaneously 
through the SCI (serial I/O) by using the internal clock 
for transmitting and the external clock for receiving, or 
vice versa? 


4 a 
ae) 
es) 
oO 
i 


on-chip 
Software 
Evaluation Kit 
mulator 


Data Buffer 
Others 

Applicable Manual 
| Title 


Answer 


No. Only one clock source can be selected as the SCI 
transfer clock. Simultaneous data transmission and recep- 
tion using two transfer clocks are impossible. 

When a single clock source is used, data can be transmitted 
and received at the same time. 


© 
ct 
Ss 
© 
a 
oO 
fo 
ct 
a) 
oO 
° 
Q 
7 
3 
Oo 
3 
ct 


Title 


Reference Q & A Sheet 
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No. QA635-031A 
Type | HD6305x0/X1/X2 Device| O4S @ 8S © 8M 0 16M 0) Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sD O SBC 
rene fae on Receiving Data through SCI in External Clock Mode 


Question 












Parallel Port 


What should we pay attention to when using the external 


clock to receive data through the SCI (serial I/0)? 
BUS Interface 


Evaluation Kit 
Oe eo 


Title 
The external transfer clock source does not enable the 
receiving side to check when data is transmitted. 
Therefore, it is necessary to read out data in the SDR (SCI 
Data Register) as soon as the data is received, to prepare 
for receiving the next data. 


Other Data Document 


Whether or not receiving has been completed can be checked - 
by an SCI interrupt or by testing bit 7 of the SSR (SCI faite 
Status Register) by software. 


Reference Q & A Sheet 


851 


Classification 


Supplement 


SSR (SCI Status Register: $0011) 
6 5 4 3 2 


7 
| ssrx7 | ssré | ssrx5 | ssr4 | ssr3 | ><) 


SCI interrupt request bit @ No requests 
l: Yes 











No. QA635-032A 
Type | HD6305x0/X1/xX2 Device| O4S @ 8s 0 8M 016M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 
Theme | cq Operation in External Clock Mode 














Classification 
arallel Port 






Serial Port 
Timer/Counter 
BUS Interface 
nterrupt 

/D Converter 
Oscillator 
Reset 
Low Power Consumption 
EPROM-on-chip 
Software 
Evaluation Kit 





The SCI (serial I/O) is in external clock mode; 

If the external clock is applied to the CK pin before the 
CPU writes/reads data into/from the SDR (Serial Data 
Register) after the one~byte data transmitting/receiving is 
completed, will the SCI start the next data 
transmitting/receiving? 








Data Buffer 

thers 
Applicable Manual 
Title 


io) tI 
3 
c 
— 
oo 
(tT 
fe) 
Lae | 


Answer 


No. The SCI does not start transmitting or receiving the 
next data until the CPU writes/reads data into/from the 
SDR. That is, any clock signal applied to the CK pin 
before the CPU accesses the SDR will be ignored. 


Other Data Document 
Title 


Reference Q & A Sheet 









The CK pin can also used 
















source |_ 
be Oe Oe he = | Used as I/O pin (according 
| Oo | 1 |) - (| to the por) 
| 1 | 0 | Internal] Clock output (DDR output) | 
Clock input (DDR input) 


as C5 pin. It is con- 
trolled by bits 4 and 5 
of the SCR (SCI Control 
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No. QA635-033A 
Type HD6305X0/X1/X2 | Device oO 4S m@ 8s 0 8M 016M O Software 
HD6305Y0/Y1/Y2 OEvaluation kit, Emulator O SD 0 SBC 
ren hatiatisin the Transfer Clock Generator Prescaler 


Question Classification 


Evaluation Kit 
RSD! at ane ea ee! 


Title 
here are differences in the following points. 
(1) When data is read/written from/into the SDR, the SCI 
octal counter is initialized at the same time the 
prescaler is initialized. This causes the SCI to start 
. , Aa Other Data Document 
transmitting or receiving the next data. Titl 
. : 63s. Ms bk itle 
(2) When 1 is set in SSR3, only the prescaler is ini- 
tialized. The SCI does not start data | 
trasmitting/receiving. 
SSR3 is the bit to be used to initialize the prescaler when 
the transfer clock generator is utilized as Timer 2. 


Reference Q & A Sheet 


No. 





* 


The prescaler of the SCI transfer clock generator is ini- 
tialized by reading/writing data from/into the SDR (SCI 
Status Register) or by setting 1 in SSR3 (SCI Status 
Register bit 3). What is the difference of the initializa- 
tion performed by these two methods? 









QA635-025B 





SSR (SCI Status Register: $0011) 






6 5 


_Ssr6 | ssr5 | s 


4 
SR4 


7 









Prescaler initialize bit. 
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No. QA635-006B 


Type | HD6305X0/X1/x2 Device/ O48 mw 8s 0 8M 016M O Software 
= HD6305Y0/Y1/Y2 OEvaluation kit, Emulator O SD 0 SBC 


Theme | Timer Count-down Timing when External Clock is Input 


When an event input from the TIMER pin is used as the clock 
input source for the built-in timer, at which edge (rising 
or falling) of the input signal is the count-down 
performed? 













Classification 
Parallel Port 
Serial Port 
* | Timer/Counter . 
BUS Interface 

nterrupt 
/D Converter 















oO} it 
” 
2) 
ee 
— 
— 
re) 
cr 
1°) 
ry 


Reset 
Low Power Consumption 
on-chip 
oftware 
Evaluation Kit 
Emulator 


Data Buffer 
Others 

Applicable Manual 
Title 


| 
ro 
ys] 
© 
iy 


Answer 


It is performed at the rising edge of the input signal. 


Other Data Document 
Title 


Reference Q & A Sheet 
No. 


QA635-035A 
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No. QA635-022B 
Type | HD6305X0/X1/x2 Device] O4S m@ 8S 0 8M 016M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator Oj SD 1 SBC 
Timer 2 Interrupt Cycles 


Question Classification 


Parallel Port 





The Timer 2 interrupt cycle is selected by bits 0 to 3 of Serial Port 


|Serial Port 
the SCR (SCI Control Register). Are there any Limits to ul 
the selection? 
Oscillator 
ow Power Consumption 
EPROM-on-chip 


D 
Data Buffer 


Applicable Manual 


c 


Gs 





Answer 

















The selectable Timer 2 interrupt cycles are as shown below. 


SCR2 


8-bit Single~chip 
Microcomputer 
Data Book 


Other Data Document 












Timer 2 interrupt cycle 


0 0 







fose = MHz fose =4.104MHz 









a 


Reference Q & A Sheet 










SCR (SCI Control Register: $0010) 


7 6 5 4 3 2 l 0 

| ) Transfer clock rate selection bit 
Clock source selection”bit 
SCI data input enable bit 


SCI data output enable bit 


























No. QA635-034A 


| Type | HD6305X0/X1/X2 Device} O4S @ 8s D 8M 0 16M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 1 SBC 


Theme 








Reading/Writing Data from/into the TDR during Timer Operation 


What will happen if data is written into or read from the 
1 TDR (Timer Data Register) during count-down? 








Classification 


a Parallel Port 
| [Serial Porte 







/Reset 
Sof 


v8) 
@ 
n 
om 
ct 


1 
) 
M— 


Applicable Manual 







Answer 





If data is written into the TDR during count-down, the 
count-down restarts from this data. 
However, data reading during count-down does not affect the 
TDR value, and the count-down continues. 






8-bit Single-chip 
Microcomputer 
Data Book 


Other Data Document 













Reference Q & A Sheet 








| Supplement | 
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No. QA635-035A 


Type | HD6305xX0/X1/x2 Device] O48 m@ 38s 0 8M 016M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sD O SBC 


Theme | Timer Clock Input Source 















Classification 


|Interrupt 
EPROM-on-chip 


Data Buffer 


Others 


Applicable Manual | 


Other Data Document 


Reference Q & A Sheet 


No. 


Question 





The clock input source to the timer can be selected by 
software from the following three input sources. 












@ Internal clock E 


TIMER-pin-controlled E 
@) 


Event input from the TIMER pin 


What is the () TIMER-pin-controlled E? 


Answer 





This is the AND of the TIMER pin status and the internal 
clock E (1/4 of the frequency of the crystal oscillator). 


b- Lus(at fose 
E = 4Milz ) 


TIMER  f[  °””.©§@©[‘™mD. =e 


pin 


Waveform mr " a r a _ 


input to 
the timer 









When this input source is selected, the duration of the 
High state of the pulse applied to the TIMER pin can be 
measured. 












QA635-006B 
QA635-014B 







The timer input source 
selection is controlled 

by bits 4 and 5 of the 

TCR (Timer Control Register: 
$0009). 







TCR Clock input source 
Bit 5] Bit 4 


Internal clock E 
1 TIMER-pin-controlled E 
No clock input (count stopped 


Event input from TIMER pin 














dl 


] 
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No. QA635-007B 


Type | HD6305X0/X1/x2 Device} O4S @ 8s 0 8M 0 16M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 


Theme 







Schmitt Trigger Circuit of Interrupt Pin 


Do interrupt pins RES, STBY, INT and INT) contain a Schmitt 
trigger circuit? 






Classification 
Parallel Port 
Serial Port 
Timer/Counter 








nterrupt 
/D Converter 
Oscillator 


Low Power Consumption 
on-chip 


valuation Kit 
mulator 


Data Buffer 
Others 
Applicable Manual 
Title 


C7 ttt 1G | i yo] > [ed lod 
oO {td fas) Ga 
rh N ep) 
trio 0) 
ce BK ct re 
mM | | Las 
ry ct 
1) @ 

at 
Kh 
ry) 
re) 
o 


The RES and STBY contain a Schmitt trigger circuit, but the 
INT and INT») do not. 


Oo 
rt 
a 
© 
Lj 
oO 
fo 
ct 
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o 
re) 
S 
3 
© 
3 
ct 


Title 


Reference Q & A Sheet 
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No. QA635-008B 


Type | HD6305x0/X1/xX2 Device o4s @ 38s 0 8M 016M Ol Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sD 0 SBC 


Servicing Timer Interrupt while Masked 











Theme 






Classification 
arallel Port 
Serial Port 
Timer/Counter 


Question 


rd 


wo rijo 

fi) om) 

n 17) 

@ 

ct a 
3 
ct 
1) 
a) 
rh 
ie) 
Q 
4) 


While the timer interrupt is masked (TCR6=1 or CCR I 
bit=l1), if a timer interrupt occurs and then the interrupt 
is enabled (TCR6=0 and CCR I bit=0), will the timer 
interrupt be serviced? nterrupt 

A/D Converter 


scillator 


Low Power Consumption 
on-chip 

oftware 

valuation Kit 
mulator 


reo] 
a) 
°] 
ie) 
T 


o 


ata Buffer 
thers 

Applicable Manual 
Title 


Answer 


Yes. Even while the timer interrupt is masked, a timer 
interrupt occurs and TCR7 (timer interrupt request flag) is 
set to l. TCR7 retains this value until 0 is entered in 
TCR7 by software. 

Therefore, the timer interrupt is serviced when TCR6 and CCR 


I bit are set to 0 after TCR7 becomes l. Other Data Document 


To prevent the servicing of any timer interrupts, set TCR6 
and the CCR I bit to O after entering 0 in TCR7. 


Reference Q & A Sheet 


| 


TCR (Timer Control Register: $0009) 
6 5 4 3 2 0 


7 
| Tor? | ror | Tor5 | tor4 | tcr3 | tor2| roR1 | TcRO | 


8-bit Single-chip 
Microcomputer 
Data Book 





Timer interrupt mask bit 
Timer interrupt request bit 
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No. QA635-009B 


Type | HD6305X0/X1/X2 Device| O4S mss D 8M 016M O Software 
HD6305Y0/Y1/Y2 OEvaluation kit, Emulator O SD O SBC 


Theme 





Servicing INT External Interrupt while Masked 










Classification 


|Timer/Counter 

|A/D Converter 
Evaluation Kit 

BOD cin canoe atin! 

_ Applicable Manual 
Title 


Question 





If an INT interrupt occurs while it is masked (CCR I 
bit=l1), and then the interrupt is enabled (CCR I bit=0), 
will the INT interrupt be serviced? 












Answer 










Yes. The CPU will service the INT interrupt immediately 
after the CCR I bit becomes 0. Even while the INT 
interrupt is masked (CCR I bit=1), an interrupt request 
occurs at the falling edge of the INT signal, and is 
latched until the INT interrupt servicing routine is exe- 
cuted. When the interrupt is enabled (CCR I bit=0), the 
CPU services the interrupt. 





8-bit Single-chip 
Microcomputer 
Data Book 


Other Data Document 


Reference Q & A Sheet 


No. | 
QA635-010B 
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Type {| HD6305X0/X1/xX2 Device} O4S @ ss 0 8M 016M O) Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD D SBC 


Servicing INT2 External Interrupt while Masked 


Parallel Port 


If an INT? interrupt occurs while masked (MR6=1 or CCR I Serial Port 
bit =l), and then the interrupt is enabled (MR6=0 and CCR I | Timer/Counter 


bit=0), will the INT2 interrupt be serviced? BUS Interface 
Interrupt 


/D Converter 






Theme 














Classification 







EPROM-— 





Reset 
Low Power Consumption 


ical 
zz 
idl 
hadi 
eel 
at 
a on-chip 
(aie 
Baad 
Eee 
aed 
eae 
hee | 


oftware 
Evaluation Kit 
Emulator 






Answer 


Yes. The CPU will service the INT) interrupt immediately 
after MR6 and CCR I bit become 0. 

Even while the interrupt is masked (MR6=1 or CCR I bit=1), 
an_INT2 interrupt request occurs at the falling edge of the 



















8-bit Single-chip 
Microcomputer 
Data Book 


INT) signal and MR7 is set to 1. Since MR7 retains the 
value until 0 is entered in MR7 by software, the interrupt 
request will be serviced when the interrupt is enabled. 

To prevent the servicing of any INT 2 interrupts that occur 
while masked, enter 0 in the MR7 before enabling the 
interrupts. 











QA635-009 





MR (Miscellaneous Register: $000A) 
7 6 5 4 3... 22 l 












INT) interrupt mask bit 
INT) interrupt request flag 
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No. QA635-011B 


Type } HD6305xX0/X1/X2 Device} O4S m@ 8s DO 8M C) 16M O Software 
HD6305Y0/Y1/Y2 OEvaluation kit, Emulator O SD O SBC 


Theme 






Servicing an Interrupt after a Reset (CCR I bit initializing) 


Question 


What is the status of the I (Interrupt) bit of the CCR 
(Condition Code Register) after a reset? 










Classification 


OS ae el 


Applicable Manual 

















| Answer | 














After a reset, the CPU sets the I bit to l, servicing no 
maskable interrupts until the I bit is cleared. 





8-bit Single-chip 
Microcomputer 
Data Book 


Other Data Document 


Reference Q & A Sheet 






| 


Maskable interrupts: External interrupts (INT, INT) 
Internal timer interrupts (TIMER, TIMER2) 
Serial interrupt (SCI) 
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No. QA635-012B 


Type | HD6305X0/X1/X2 Device | O48 m@ 8S 0 8M O16M $$$ Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O sD 0 SBC 


Theme 






Servicing External Interrupt after Returning from Standby Mode 









Classification 


Evaluation Kit 
ee 
| _ Applicable Manual | 


Question 






If an external interrupt (INT or INT9) occurs in 


standby mode, and then the MCU returns to active mode 
with INT or INT) being Low, will the interrupt be serviced? 






> 


Answer 

















No. As you know, no external interrupts is serviced in 
standby mode. INT and INT? interrupt requests are 
serviced at the falling edges of the signals. However, 
in this case, no falling edges occurs after the MCU 
returns to active mode from standby mode, causing no 
interrupts to be serviced. 










8-bit Single-chip 
Microcomputer 
Data Book 


Other Data Document 


Reference Q & A Sheet 
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No. QA635-013B 


Type | HD6305X0/X1/xX2 Device| O48 @ 8s 0 8M 016M O Software 
HD6305Y0/Y1/Y2 O Evaluation kit, Emulator O SD 0 SBC 


Theme 




















Servicing Multiple Interrupts 


Question 


In a program having the interrupt servicing routines shown 
below, an external interrupt occurs during the execution 

of the servicing routine for the first timer interrupt. 
Then the second timer interrupt occurs during the execution 
of the external interrupt servicing routine. When will the 
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second timer interrupt be serviced? 
Timer interrupt routine 





External interrupt routine 

























Clear interrupt request flag 
Set next interrupt 0.3 ms after 
Disable timer interrupt 

Enable external interrupt 





Service interrupt 








Service interrupt Servicing time: 0.3 ms 


[Enable timer interrupt 
The RTI instruction is immediately 
0.1 ms 





after the timer interrupt is enabled 
(TCR6=0) 





Servicing time: 






The second timer interrupt is serviced in the main routine 
immediately after the RTI instruction is executed. 


External Request for second Second timer interrupt 
interrupt timer interrupt 


First timer ‘ { Timer Timer 


interrupt interrupt interrupt 


Se erie a ee 


Main routine : Enable timer “ |! 
' 
Request for cae interrupt u es cece 
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If there are 2 or more cycles between the timer interrupt 
enable instruction and the RTI instruction in the timer 
interrupt routine, the second timer interrupt is serviced 
in the same timer interrupt routine. 


Request for second Second timer interrupt 


External timer interrupt 


First ti ana , Timer Timer 
. a bette Sha: interrupt 
interrupt a pany interrupt P 
J 
_ 0.3 ——g~- | 
Main routine co me rm 


Request for first H 


ince -dapterrupt 1 Enable timer interrupt | : L_ 
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Answer 


10 cycles are needed. 
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At the last cycle of the instruction being executed, the 
CPU checks for the existence of an interrupt request. If 






there is one, control is passed to the corresponding 
interrupt servicing routine 10 cycles after the interrupt 
request occurrence. _ 

Examples INT and INT 9 are shown below. 
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Interrupt 
servicing 
10 cycles routine 


fnterrupt 
Test 
i 


e Ble a bee ae 


(Internal) Oo Code Oo Code IFFF SP SP-1 SP-2 SP-3) Sf=4 Vector Vector New PC 
Adoress Address +1! MsB Lse Address 


INT, iNT, Address Address 
PCo~ 


PCr 




















Oate Bus 
(Internal) 





Oo Operand irretevant PCa~ x AcG CCR Vector Vector Frest inst. of 
Code Op Code Data PC ia MSB LsB Interrupt Routine 
Address Address 







Interrupt Sequence 
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Servicing SCI (Serial I/O) Interrupt while Masked 


While the SCI (serial I/O) interrupt is masked (SSR5=l, 
CCR I bit=1), an SCI interrupt request (SSR7=1) occurs 
after the SCI completes data transmitting or receiving. 

If the SCI interrupt is then enabled (SSR=0, CCR I bit=0), 
will this SCI interrupt be serviced? 
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Answer 


Yes. Even while the SCI interrupt is masked, an SCI 
interrupt occurs and SSR7 (SCI interrupt request bit) is 
set to 1. SSR7 retains this value until O is entered in 
SSR7 by software, or data is read/written from/into the SDR 
(Serial Data Register). 

Therefore, the SCI interrupt is serviced when SSR5 and CCR 
I bit are set to 0 after SSR7 becomes 1. 

To prevent the servicing of any SCI interrupts, enter 0 in 
SSR7 by software, or set SSR5 and CCR I bit to 0 after 
reading/writing data from/into the SDR. 
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SSR (SCI Status Register: $0011) 


7 6 5S 4 3 


SCI interrupt mask bit 


SCI interrupt request bit 
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Timing of External Clock Input to the Oscillator and E Clock Timing 


Question 


If an external clock is input to the oscillator's EXTAL 
pin, with which edge of the external clock (rising or 
falling) does the E clock synchronize? 
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The E clock synchronizes with the falling edge of the 
external clock. 
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clock 
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Port Status at a Reset 
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Question 





What are the statuses of the ports at a reset? 





| Answer | 














The ports are initialized as shown below. 


Misa 
register 
: 
(1/0 pin) 
D 
(Input pin) 


(Output pin) | 
G Designated as an input port 
ee 
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Status at a reset 

















Designated as an input ports 
(high impedance) 


| High impedance 



















0 output 





QA635-001B 
QA635-016B 


The HD6305X1/X2 and HD6305Y1/Y2 do not have ports E, F and G. 
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What are the statuses of the address bus, data bus and R/W 
Signal at a reset? 





Answer 















Their statuses are as shown below. 


ee 
Address bus Outputs S$1FFF 

High impedance 

R/W Signal High level (read) 
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The above answer does not apply to the HD6305X0 and HD6305Y0 since these 
units cannot be expanded externally. 
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Bus Status in Low-~Power-Consumption Modes 


What are the statuses of the address bus, data bus and R/W 
signal in low-power-consumption modes (wait, stop and 
standby)? 
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| Answer | 


Their statuses are as shown below. 


Nas sol a 
bus signal 
impedance | level output 


Other Data Document 
impedance | level 
Standby | High High High 
impedance | impedance | impedance 
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The above answer does not apply to the HD6305X0 and HD6305Y0 since these 
units cannot be expanded externally. 
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Question 


The MCU enters standby mode by setting the STBY pin in Low. 






Executing an Instruction when Entering Standby Mode 




















Classification 


| A/D Converter | 
Evaluation Kit 
OD eee ae cee tee 


Others 


Applicable Manual 





What will happen to the instruction that was being executed 
at that time? 


Answer 









The instruction execution is stopped since the MCU enters 
standby mode whether or not an instruction execution 
sequence is executed. The MCU enters standby mode imme- 
diately after the STBY pin becomes Low. 

In standby mode, the internal oscillator is stopped and the 
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contents of the MCU internal registers are destroyed. So, 
be sure to perform a reset-start to return from standby 
mode (the built-in RAM values are retained). 


E clock 


ee ee 
as Se Soar 


Cisse Standby mode 
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Standby Mode Timing 


In the following chart showing the timing at which the MCU 
enters standby mode, is there any limit to the value of t? 
In addition, at what timing should Vcc be dropped? 














Classification 










Data Buffer 


Applicable Manual 


Oscillation Restart 


Stabilizing 
Timing Chart of Returning Time 


from Standby Mode 










(t 550720 ms ) 






Answer 


There is no limit to the value of t. 

Either the STBY pin or RES pin can be Low first. However, 
the RES must_be raised 20 msec or more behind the rising 
edge of the STBY to restart operation. 

The Vcc must be dropped after the STBY becomes Low. It _ 
should be returned to the specified level before the STBY 
returns to High. 
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Question 


Is there any method of returning from standby mode other 
than reset-start? 


Answer 


No. In standby mode, the internal oscillator is stopped 
and the MCU internal register values are destroyed. (The 
contents of the Program Counter are also destroyed.) 
Therefore, only setting the STBY pin in High caused the MCU 
to burst. 

Be sure to perform a reset-start to return from standby 
mode. 


RES ie an ee 
‘3 Yo 
ie eae See 


Oscillation Restart 


Timing Chart of Returning Stabilizing 
from Standby Mode Time 


(t55¢720 ms) 
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Entering Low-~Power-Consumption Modes 


Does executing the WAIT or STOP instruction always cause 
the MCU to enter wait or stop mode? 
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Answer 





No. The MCU enters wait or stop mode only in the following 
conditions. 
(1) When there is no interrupt requests. as 
| (The RES, STBY and INT pins are all High and the INT 
interrupt latch and all interrupt bits are cleared.) 
(2) When the INT) and internal interrupts are disabled by 
the mask bits, and there is no other interrupts. _ 
(The RES, STBY and INT pins are all High, the INT 
interrupt latch is cleared, and each interrupt mask 
bit is set.) 








Title 








If the above conditions are not met, the MCU executes 
the next instruction after the execution of the WAIT 
and STOP instructions which requires 4 cycles. 
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In case (2) above, the absence or presence of the INT) and internal 
interrupt requests has no effect. 
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WAIT instruction execution? 


Answer 


Note that the method of entering wait mode differs 


depending on the returning 


Rehurning method 


INT interrupt 


from wait 
mode 


Clear the CCR I 
bit. Set all in- 
terrupt mask bits. 


Executing 
interrupt 
routine 


Set the CCR I bit. 
Set all interrupt 
mask bits. 


Executing 
an ope- 
ration 
after the 
WAIT inst- 
ruction* 


*; The INT interrupt requested (by detecting a falling edge 
in the INT pin) before the WAIT instruction execution 


has already been serviced. 


Are there any precautions about entering wait mode by the 


method from wait mode. 
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INT), TIMER, TIMER2, SCI 


Clear the CCR I bit. 

Set all mask bits except 
the one for the interrupt 
to be used. a 

Do not cause any INT in- 
terrupts in wait mode. 
Set the CCR I bit. 

Set all mask bits except 
the one for the interrupt 
to be used. ets 

Do not cause any INT in- 
terrupts in wait mode. 
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CCR (Condition Code Register) I bit: Interrupt mask bit (except software 


Interrupt mask bits: INT9 


TIMER 
TIMER2 
SCI 








interrupts) 


———— Miscellaneous Register (MR: SOA) bit 6 


Timer control Register (TCR: $09) bit 6 
SCI Status Register (SSR: $11) bit 4 
SCI Status Register (SSR: $11) bit 5 
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Entering Stop Mode 


Are there any precautions about entering stop mode by the 
STOP instruction execution? | 
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Note that the method of entering stop mode differs 
g on the returning method from stop mode. 











INT) interrupt 


INT interrupt 










after a return 

























Clear the CCR I bit. 
Set all mask bits except 
the one for the interrupt 
to be used. oe 

Do not cause any INT in- 
terrupts in stop mode. 
Set the CCR I bit. 


Executing 
interrupt 
routine 


Clear the CCR I 
bit. Set the INT) 
interrupt mask bit 
(MR6). 































Executing | Set the CCR I bit. 








an ope- Set the INT? inter~ Set all mask bits except 
ration rupt mask bit the one for the interrupt 
after the | (MR6). to be used. a 

STOP inst- Do not cause any INT in- 


mode. 





ts in stop 





ruction* terru 


*; The INT interrupt requested (by detecting a falling edge 
in the INT pin) before the STOP instruction execution 
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has already been serviced. 


CCR (Condition Code Register) I bit: Interrupt mask bit (except software 
interrupts) 
INT) interrupt mask bit ----- Miscellaneous Register (MR: $0A) bit 6 
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It is approximately 14 ms when a 4-MHz crystal oscillator 
is used. 

The internal delay time indicates the period while the CPU 
execution is stopped and until the oscillating circuit 
which was stopped in stop mode performs stabilized oscilla- 
tion. This delay is automatically generated in the MCU. 
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Current Consumption in Low-~Power-Consumption Mode 
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Is the Icc (current consumption) in low-power-consumption 
modes which is specified in the data sheets the value when 
no load is applied to the I/O ports? 
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Answer 


Yes. Since the I/O ports maintain their output levels even 
in stop and wait modes, the Icc will be increased by Igy or 
Io, when a load is applied to the ports. : 
In standby mode, however, the I/O ports are in the high 
impedance state, and the Icc is the same with or without 


read: Title 
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Accessing Not Used Areas on Memory Map 


Question 
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What will happen if data is read from or written into the 
area designated as Not Used on the memory map? 
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Answer 







Nothing will happen as long as the areas are not addresses 
$13 to SIF. 

Never access the $13 to $I1F areas since they are used for 
IC testing. Accessing (reading/writing) these areas causes 
the MCU to burst. 
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Using Bit Manipulating Instruction for Output Ports 
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Is it possible to use the bit manipulating instruction for 
the Data Registers of the output ports (ports A, B, C and G 
used for output and output ports E and F)? 
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_Answer 






Yes. 
The bit manipulating instruction automatically reads out an 
address, manipulates data in it and re-enters a result in 
the address. This instruction can be used for any 
read/write registers. 

However, when data is read from the Port Data Register, 
data output to port G is determined by a pin voltage. That 
is, a voltage of less than 2.0 V due to the external cir- 
cuit causes incorrect data to be output to port G. Design 
the external circuit appropriately to prevent incorrect 
data output. 

To ports A, B, C, E and F, the logical levels stored in the 
Port Data Register are output. 
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| The HD6305X1/X2 and HD6305Y1/Y2 do not have port E, F and G. 
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Statuses of Address Bus, Data Bus and Control Line when the Internal 
Address Space is Accessed 


Question 


What values are output to the address bus, data buses and 
control line when the CPU access the internal address 
space? 
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Answer 





The same value as the accessed data is output to the 
address bus and control line, whether the CPU accesses 
the internal address space or external address space 
and whether the CPU reads or writes data. 

However, the data buses are in the high impedance state 
when the CPU read data from the internal address space, 
though the same value as the data written into the 
internal space by the CPU is output to the data buses. 
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8-Bit Single-Chip Microcomputer 
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PREFACE 


The HD6305U0 and HD6305V0 are microprogram-controlled 8-bit 
Single-chip microcomputers that use CMOS 2.5-yum technology. 
These models are 40-pin versions of the HD6305X0. The CPU, 
memory, timer, serial communications interface (SCI), and 
I/O are all integrated into one chip. The only difference 
between the HD6305U0 and the HD6305V0 lies in their memory 
Capacities. The former has a 2-kbyte ROM and a 128-byte 


RAM; the latter has a 4-kbyte ROM and a 192-byte RAM. 


The CMOS technology enables these models to operate over a 
wide range of supply voltages (Vcc operates in the 3 V - 6 V 
range at operating frequencies of 0.1 MHz - 0.5 MHz) with 
less power consumption. The low-power-consumption modes 
(STOP, WAIT, and STANDBY) available with these models permit 


further power savings. 


The instruction set includes DAA (decimal adjust instruc- 
tion), and STOP and WAIT (used to enter the corresponding 
low-power-consumption modes), in addition to the HD6805 
instruction set. The minimum instruction execution time is 


0.5 wsec/cycle (f=2 MHz), permitting high-speed operation. 
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HOW TO USE THIS MANUAL 


This TECHNICAL QUESTIONS AND ANSWERS is a user ref- 
erence manual that has been compiled in question-and- 
answer form. It is based on technical inquiries from 


HITACHI microcomputer users. 


This manual should be used in conjunction with the 
appropriate data book (which you should already have). 
You can make best use of this manual either by: reading 
all of it before you start to design any microcomputer- 
applied products, in order to strengthen your technical 
background; or referring to it during the actual design 
process, using it to help you solve specific problems 


that may arise. 


Although some of the items supplement the data book, 
most of them are inguiries from the users. In order to 
meet future needs, we are prevared to increase the 


number of Q & A items and to update the data book. 
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(1) Time from Interrupt Occurrence to Interrupt QA635-318A 906 
Servicing Routine Execution 
(2) Schmitt Trigger Circuit of Interrupt Pin QA635-319A 907 
(3) Servicing an Interrupt after a Reset (CCR I bit | QA635-320A 908 
initializing) 

(4) Servicing INT External Interrupt while Masked QA635-321A 909 
(5) Servicing INT2 External Interrupt while Masked QA635-322A 910 
(6) Servicing SCI (Serial 1/0) Interrupt while QA635-323A 911 

Masked 

(7) Servicing Timer Interrupt while Masked QA635-324A 912 
(8) Servicing External Interrupt after Returning QA635-325A 913 

from Standby Mode 

(9) Servicing Multiple Interrupts QA635-326A 914 


A/D Converter 


(1) Timing of External Clock Input to the Oscillator | QA635-327A 915 
and E Clock Timing 
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(1) Port Status at a Reset QA635-328A 


(1) Entering Low-Power-Consumption Modes QA635-329A 
(2) Entering Wait Mode QA635-330A 
(3) Entering Stop Mode QA635-331A 
(4) Returning Time from Stop Mode QA635-332A 
(5) Standby Mode Timing. QA635-333A 
(6) Returning from Standby Mode QA635-334A 
(7) Executing an Instruction when Entering Standby QA635-335A 
Mode 
(8) Current Consumption in Low-Power-Consumption QA635-336A 
Mode 


EPROM-on-chip 


(1) Using Bit Manipulating Instruction for Output QA635-337A 
Ports | 
(2) Accessing Not Used Areas on Memory Map QA635-338A 


[ Evaluation Kit 


Data Buffer } 
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Theme 









Outputting Data from Ports after a Reset 






Question 


Which operation should be performed first to output data 
through input ports A, B, C and D after a reset?; storing 
data in the Data Register of the ports or designating the 
corresponding DDR (Data Direction Register)? 







BUS Interface 
| A/D Converter 


Oscillator 


Low Power Consumption 
EPROM-on-chip 


Evaluation Kit 


Data Buffer 
Applicable Manual 


Title 


HD6305U0, HD6305VO 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


a 


Reference Q & A Sheet 


QA635-328A 










Answer 


















Store the data to be output in the Data Register first, 
and then designate the corresponding DDR to data output 
(DDR=1). 

Since a reset causes the Data Register to become 0, if the 
DDR is designated to data output before data is stored in 
the Data register, 0 is output to the ports. 




















@ HITACHI 
889 
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Theme 











Serial I/O Pin Status 


L 


Question 





After ports D3 to Ds are respectively used as CK, Rx 
and Tx pins of the SCI (serial I/0), these ports are 
specified as I/O pins using the SCR (SCI Control Register) 
(SCR7=SCR6=SCR5=0). What is the value of the DDR (Data 
Direction Register) when the ports are used as I/O pins? 


Evaluation Kit 
OD s oe eee 
| Applicable Manual | 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


Co 


Reference Q & A Sheet 


Answer 











The DDR retains the value for the SCI, as shown below. 
























Pin DDR value for SCI Notes 
D3/Tx When Tx is used, SCR7=1. 
D4 /RX When Rx is used, SCR6=1. 


ae In the case of external clock 
Ds /CK | | source mode. 
In the case of internal clock 
source mode. 


Even when the SCR value is changed after the SCI is used, 
the DDR value shown in the above table is maintained. When 
using D3 to Ds as I/O ports, rewrite the DDR value using 
software. 





Supplement 


SCR (SCI Control Register: $0010) 


7 6 5 4 3 2 ] 0 
———T——_ Clock source selection bit 

SCI data input enable bit 
SCI data output enable bit 
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Using Port D when Serial I/0 is Used 


Question 
Parallel Port 
Serial Port 


When ports D3 to D5 are used as the SCI (serial 1/0), is it 
possible to use ports Dg to Dg and Dg as usual I/O pins? 


[aaa 


Title 


HD6305U0, HD6305V0 
Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


> 





Answer 



















Yes. These ports can be used as usual I/O pins because 
they are independent of the SCI. The ports affected by the 
SCR (SCI Control Register) when the SCI is used are ports 


D3 to D5 only. Input and output functions of ports Do 
to Dy and Dg are selected using bits 0 to 2 and 6 of 
port D's DDR (Data Direction Register). 























Other Data Document 





Reference Q & A -Sheet 
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Theme 






Designating Input or Output Operation of Serial I/O Clock Pin 


Question 












Classification 


: | Serial Port 


Low Power Consumption 
EPROM-on-chip 


Evaluation Kie J. 
isi 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


aa 


Reference Q & A Sheet 








Does setting 0 or 1 in the corresponding DDR (Data 
Direction Register) enable the clock pin CK to be 
designated as an input or output pin when the SCI 
(serial I/0) is used? 


Answer 


No. Bits 4 and 5 (SCR4, 5) of the SCR (SCI Control 
Register) designate the CK pin as input or output when 
the SCI is used, not the DDR. 


















As shown below, the combination of bits 4 and 5 enables the 
SCI clock source selection, determining whether the CK pin 


is specified as an input or output 
Used as I/O pin (according to 


SCR4 | Clock source 
| the DDR) 


| 0 | internal _{ Clock output (DDR output) 
Clock input (DDR input) 










“” 
oO 
he | - «] 
wa 


Note: The setection of input or output is made by the DDR 
when SCR5 is 0 and SCR4 is 0 or l. 







SCR (SCI Control Register: $0010) 
7 6 5 4 3 2 1 0 
scr6 | scr5 | scr4 | scr3 | scr2 | scrl 











Clock source selection bit 
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HD6305V0 0 Evaluation kit, Emulator 0 SD 0 SBC 


eneme Using SDR (SCI Data Register) when Serial I/O is not Used 


Question 
Parallel Port 

[Reset 
Emulator 

WS ee ee 
Others 


Applicable Manual 


Reference Q & A Sheet 


Is it possible to use the SDR (SCR Data Register: $0012) as 
a general-purpose register when the SCI (serial I/0) is not 
used? 





Answer 












Yes. The SDR can be used as a general-purpose register 
when the SCI is not used i.e., when the SCI clock is 
stopped with SCR4 to SCR7 being 0. 












SCR (SCI Control Register: $0010) 





a Te a, a ee ee ee: 
| SCR7 | scr6 | SCR5 | SCR4 | SCR3 | SCR2 | SCRI | SCRO | 








Clock source selection bit 
SCI data input pin enable bit 
SCI data output pin enable bit 
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Theme 






SSR7 (SCI Interrupt Request Bit) Set Timing 











Classification 
Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
Interrupt 

/D Converter 
Oscillator 
Reset 


After 8-bit data transmitting or receiving through the SCI 

(serial I/O) is completed, SSR7 (SCI interrupt request bit) 
of the SSR (SCI Status Register) is set. At what timing is 
this setting performed? 







ow Power Consumption 
PROM-on-chip 

oftware 

valuation Kit 


Cie 


ata Buffer 
thers 

Applicable Manual 
Title | 


Oo 


oO GH |} 
8 
G 
pe 
8) 
ct 
° 
a 


Answer 


SSR7 is set at the rising edge of the 8th CK (serial clock) 
as shown below. 
Previous data 


Serial clock 
(D, /CK) 
Output data 
(D.,/Tx) 


2) 
ct 
a 
o 
4 
oO 
fs 
ct 
fo 
oO 
° 
re 
c 
B 
oO 
3 
(t 


Title 


Input data 


latch timing 
(D,/Rx) 


SSR7 Reference 0 & A Sheet 





SSR (SCI Status Register: $0011) 


7 6 5 4 


SCI interrupt request bit 
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Theme 











Clearing SSR (SCI Interrupt Request Bit) 








Question 


Serial Port 
Evaluation Kit 
PDS ee ead 


Title 
No. When 0 is set in SSR7 by software, this bit is 
cleared, and the next data transmitting and receiving can- 
not be performed. SSR7 is cleared under the following con- 
ditions. 
Gi) When data is read from or written into the SDR (SCI Data 


Register) Other Data Document 


(After SSR7 is cleared and the octal counter is reset, Title 
the next data transmitting/receiving is executed.) 
(2) When 0 is set in SSR7 by software. 
(The SCI's octal counter is not reset, enabling no data 
| transmitting/receiving. ) 
Therefore, repeat data reading or writing from/into the SDR 


to transmit/receive data repeatedly. [a Gah ohect 


¥ 


After data is transmitted or received through the SCI 
(serial 1/0), SSR7 (SCI interrupt request bit) is set 
to l. At this time, if 0 is set in SSR7 by software 

to clear the bit, is it possible to transmit or receive 
the next data? 


Dummy-read the SDR before receiving the first data. 


SSR (SCI Status Register: $0011) 


3 2 1 0 


7 6 5 
| ssr7 | ssr6 | ssr5 | ssr4 | ssr3 P>< | >< >< 


SCI interrupt request bit 
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Accessing SDR (SCI Data Register) 


Question 


Classification 
Parallel Port 
erial Port 
imer/Counter 
BUS Interface 
nterrupt 
A/D Converter 
Oscillator 
Reset 


What will happen if data is read from or written into the 
SDR (SCI Data Register) while another data is being 
transmitted or received through the SCI (serial I/0)? 


ow Power Consumption 
PROM-on-chip 

oftware 

valuation Kit 
mulator 


Data Buffer 
Others 

Applicable Manual | 
Title 


ay 


Normal operation can not be guaranteed for either 
transmission or reception. Do not access the SDR during 
data transmitting or receiving since the SCI becomes 
disabled after the access (the MCU must be reset to use 
the SCI again). 


io) 
ct 
a 
rt) 
Hy 
o 
th) 
rt 
oy 
o 
oO 
io) 
G 
B 
@ 
=} 
ct 


Title 


Reference Q & A Sheet 


QA635-312A 





SDR (SCI Data Register: $0012) 


7 6 b) 4 3 2 l 0 
Receive ——|msB | | =| =o | TB |] ~—~Transmit 
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Theme | Transmitting and Receiving Data Simultaneously through Serial 1/0 


Question Classification 
arallel Port 


P 
BUS Interface 


EPROM-on-chip 


Evaluation Kit 
SDs eee eects ol 


Title 
No. Only one clock source can be selected as the SCI 
transfer clock. Simultaneous data transmission and recep- 
tion using two transfer clocks are impossible. 
When a single clock source is used, data can be transmitted 
and received at the same time. 


Other Data Document 


Title 





Is is possible to transmit and receive data simultaneously 
through the SCI (serial 1/0) by using the internal clock 
for transmitting and the external clock for receiving, or 
vice versa? 








Reference Q & A Sheet 
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Notes on Receiving Data through SCI in External Clock Mode 


| 
[A/D Converter 
L 








What should we pay attention to when using the external 
clock to receive data through the SCI (serial I/0)? 


EPROM-on-chip 


Evaluation Kit 


Data Buffer 
Applicable Manual 


| Title | 





The external transfer clock source does not enable the 
receiving side to check when data is transmitted. 
Therefore, it is necessary to read out data in the SDR (SCI 
Data Register) as soon as the data is received, to prepare 
for receiving the next data. 


Whether or not receiving has been completed can be checked DEner sta Document 


by an SCI interrupt or by testing bit 7 of the SSR (SCI 
Status Register) by software. 


Reference Q & A Sheet 


i 










SSR (SCI Status Register: $0011) 


7 6 5 4 3 


SCI interrupt request sae No — 
1 





: Yes 
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SCI Operation in External Clock Mode 






Parallel Port 
Interrupt 


Question 


oa 





The SCI (serial 1/0) is in external clock mode; 
If the external clock is applied to the CK pin before the 
CPU writes/reads data into/from the SDR (Serial Data 
Register) after the one-byte data transmitting/receiving is 
completed, will the SCI start the next data 
transmitting/receiving? 








OD age ote | 
| 


Title 
No. The SCI does not start transmitting or receiving the 
next data until the CPU writes/reads data into/from the 
SDR. That is, any clock signal applied to the CK pin 
before the CPU accesses the SDR will be ignored. 


Other Data Document 


Reference Q & A Sheet 


899 





The CK pin can also used SCR5 | SCR4 } Clock Ds pin 


as D5 pin. It is con- source 
trolled by bits 4 and 5 


ae 
of the SCR (SCI Control | 0 | 
ee 


Register). 1 


| 
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Initializing the Transfer Clock Generator Prescaler 


Question 








Classification 
Parallel Port 


[Serial Port 
|Timer/Counter 


BUS Interface _ 
LEnberrupt so 
[A/D Converter 
|Oscillator 


Reset 
Low Power Consumption 


LEPROM-on-chip 
[Software 
|Evaluation Kit 
[Emulator 
Es, 
[Data Buffer 
Others 
| Answer | |__ Applicable Manual | 


| Title | 


The prescaler of the SCI transfer clock generator is ini- 
tialized by reading/writing data from/into the SDR (SCI 
Status Register) or by setting 1 in SSR3 (SCI Status 
Register bit 3). What is the difference of the initializa- 
tion performed by these two methods? 








There are differences in the following points. 


(1) When data is read/written from/into the SDR, the SCI 
- octal counter is initialized at the same time the 
prescaler is initialized. This causes the SCI to start 
transmitting or receiving the next data. Other Data Document 
(2) When 1 is set in SSR3, only the prescaler is ini- title: 
tialized. The SCI does not start data 
trasmitting/receiving. 


SSR3 is the bit to be used to initialize the prescaler when 
the transfer clock generator is utilized as Timer 2. 


Reference Q & A Sheet 


QA635-308A 


| Supplement | 


SSR (SCI Status Register: $0011) 


6 


7 4 } 
_SSR7 | SSR6 | SSR5 | SSR4_ 


Prescaler initialize bit 
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No. QA635-313A 


OO 8M O 16M 
Emulator 


















O 4S @ ss 
O Evaluation kit 


0 Software 
O SD O SBC 


Type 








HD6305U0 Device 
HD6305V0 
SCI Prescaler Initialize Timing and Clock Output Timing 


Question 
Low Power Consumption 
POD este fen a 





Theme 





At what timing is the SCI (serial I/0) prescaler initiali- 
zed? 

In addition, when the internal clock is used (SCR4=0, 
SCR5=1), at what timing is the CK (serial clock) output? 





Answer 









ar 
~ 
rt 
—" 
@ 












The prescaler is initialized when data is read from or 
written into the SDR (SCI Data Register). 
When the internal clock is used, the CK is output at the 
baud rate specified by bits 0 to 3 of the SCR (SCI Control 
Register), immediately after the data reading/writing. 
The SCI timing chart is shown below. 

Previous data 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 












Other Data Document 


|_ Other Data Document _| 
a 


901 






Serial clock 





(Ds/CK ) : 
2 3 + § 6 7 8 
Output data Bombe MSB 
eae Col), Ge, Gil Gin Gey, Gee 
Input data 
latch timing Reference Q & A Sheet 





CD/Rx ) 






SCI Timing Chart 
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Theme 











Reading/Writing Data from/into the TDR during Timer Operation 


lol Pavallel Port 7 | 
fice) Seetal Bore. aw 


ae 
ae 
aes 
fee 
La 
|__| Low Power Consumption | 
|} | EPROM-on-chip 
Ea 
faa 
ae 
(eae 
ae 
uu 





What will happen if data is written into or read from the 
TDR (Timer Data Register) during count-down? 





Data Buffer 
Applicable Manual 


HD6305U0, HD6305V0 
Data Sheets | 
8-bit Single-Chip Micro- 
computer Data Book 


Emulator 

















Answer 










If data is written into the TDR during count-down, the 
count-down restarts from this data. 

However, data reading during count-down does not affect the 
TDR value, and the count-down continues. 







Other Data Document 


oo 


Reference Q & A Sheet 


Supplement | 
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Theme 







Timer Count-down Timing when External Clock is Input 









Parallel Port 
Interrupt 

PROM-on-chip 

i aes 


Title 
It 1s performed at the rising edge of the input signal. 


Other Data Document 


Title 


Question 


When an event input from the TIMER pin is used as the clock 
input source for the built-in timer, at which edge (rising 
or falling) of the input signal is the count-down 
performed? 







Reference Q & A Sheet 


QA635-316A 


903 











© HITACHI 








No. QA635-316A 
Type | HD6305U0 Device | O4S @ 8s 0) 8M 0 16M 0 Software 
HD6305V0 O Evaluation kit, Emulator 0 SD 0 SBC 


Question 






Timer Clock Input Source 







Classification 


BUS Interface 
[a/b Converter 
ee es 
_- - Wpplteabie Manual: 


Title 


The clock input source to the timer can be selected by 
software from the following three input sources. 














@ Internal clock E 
(2) TIMER-pin-controlled E 
B) Event input from the TIMER pin 


What is the Q) TIMER-pin-controlled E? 


Answer 









This is the AND of the TIMER pin status and the internal 
clock E (1/4 of the frequency of the crystal oscillator). 






| klaus (at foc 


= 4MHz ) 







Other Data Document 


| Title 
TIMER pin _. [}”»»»&»L ee 













Waveform eee seeee 


input to 
the timer 


| Reference Q & A Sheet | 
QA635-315A 
QA635-327A 






When this input source is selected, the duration of the 
High state of the pulse applied to the TIMER pin can be 
measured. 















| Supplement | 


The timer input source 
selection is controlled 

by bits 4 and 5 of the 

TCR (Timer Control Register: 
$0009). 





Clock input source 


Internal clock E 










TIMER-pin-controlled E 


No clock input (count stopped 
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Theme | timer 2 Interrupt Cycles 


Question 
oftware 





The Timer 2 interrupt cycle is selected by bits 0 to 3 of 
the SCR (SCI Control Register). Are there any limits to 
the selection? 


ea eka 





Answer 



















The selectable Timer 2 interrupt cycles are as shown below. 


Timer 2 interrupt cycle 
SCR3}SCR2/SCR1 |] SCRO 
fose = 4MH z f osc ™4.194MHz 
! 
1 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


a 


Reference Q & A Sheet 
SCR (SCI Control Register: $0010) 


a 
6 5 4 3 2 0 


7 


Transfer clock rate selection bit 

























ea 


Y 


1/325 


ww ~ 
RriR® 
an an 





Clock source selection bit 
SCI data input enable bit 
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Time from Interrupt Occurrence to Interrupt Servicing Routine 
Execution 


Question 






Theme 


Classification 
Parallel Port 
Serial Port 
Timer/Counter 


How many cycles are required between the occurrence of an 
interrupt request and the execution of an interrupt ser- 


vicing routine? 
t 


/D Converter 
scillator | 


DIO} |H Iw 

0) ,1G 

re) cr Twn 
oO (4) 

rt AiR 

Kid 

& Iet 

oO jo 

a} 

rh 

rY) 

re) 

4) 


ow Power Consumption 
PROM-on-chip 


czt i 


valuation Kit 
mulator 


mH |r| wn 
Oo 
Hh 
ct 
5) 
) 
ry 
es) 


Data Buffer 
Others 
Applicable Manual 
Title 


ER EET ERS aE 


10 cycles are needed. 

At the last cycle of the instruction being executed, the 
CPU checks for the existence of an interrupt request. If 
there is one, control is passed to the corresponding 
interrupt servicing routine 10 cycles after the interrupt 
request occurrence. _ 

Examples INT and INT») are shown below. 


Other Data Document 
Title 


Interrupt 
servicing 


10 cycles routine 
Interrupt 
Test 


Aimee Oe (pat We Ge Ve eG GE Ff 
Address Reference Q & A Sheet 
Bus 
Op Code Op Code 1FFF sP SP-1 SP-2 SP-3 SP=4 Vector Vector New PC 
(Internal) Address Address +1 MSB LSB Address 
TNT INT, PC Address Address ; 
2 o~ , 
PCa 


Data Bus 
(Internal) Op Operand Irrelevant PCg~ Ix ACC CCR Vector Vector First Inst. of 


Code Op Code Data PCig MSB- LSB interrupt Routine 
Address Address 


Interrupt Sequence 
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Schmitt Trigger Circuit of Interrupt Pin 







Classification 
Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
nterrupt 
/D Converter 


Question 


Do interrupt pins RES, STBY, INT and INT») contain a Schmitt 
trigger circuit? 






Reset 

ow Power Consumption 
PROM-on-chip 

oftware 

valuation Kit 


oO | > |x 
” 
aX 
pte 
-~ 
fet) 
ct 
oO 
mr 


Data Buffer 
thers 

Applicable Manual 
Title 


© 


53) 
8 
7 
i 
eh) 
rr 
°) 
rm 


Answer 


The RES and STBY contain a Schmitt trigger circuit, but the 
INT and INT) do not. 


Title 


Reference Q & A Sheet 


© HITACHI 


ct 
= 
o 
ry 
o 
TY) 
cr 
po 
o 
° 
ie) 
¢ 
3 
© 
=) 
ct 





907 











No. QA635-320A 


Type | HD6305U0 Device} O48 @ 8s 0 8M 0 16M 0 Software 
HD6305V0 O Evaluation kit, Emulator [ SD 0 SBC 


Theme 






Servicing an Interrupt after a Reset (CCR I bit initializing) 


Classification 


Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
nterrupt 

/D Converter 
Oscillator 
Reset 


ow Power Consumption 
PROM-on-chip 












What is the status of the I (Interrupt) bit of the CCR 
(Condition Code Register) after a reset? 






* 


valuation Kit 
Emulator 


Data Buffer 
Others 


: Applicable Manual 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


tC 


tj uo | GF 
e) 
Fh 
ct 
= 
oo 
a) 
0) 


Answer 

















After a reset, the CPU sets the I bit to 1, servicing no 
maskable interrupts until the I bit is cleared. 








Reference Q & A Sheet 






Maskable interrupts: External interrupts (INT, INT) 
Internal timer interrupts (TIMER, TIMER2) 
Serial interrupt (SCI) 
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Servicing INT External Interrupt while Masked 







Theme 










: 


PROM-on-chip 


Evaluation Kit 
SD saci tara 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


aa 


Reference Q & A Sheet 


QA635-322A 


Question 


If an INT interrupt occurs while it is masked (CCR I 
bit=l), and then the interrupt is enabled (CCR I bit=0), 
will the INT interrupt be serviced? 






> 


< 


Answer 










Yes. The CPU will service the INT interrupt immediately 
after the CCR I bit becomes 0. Even while the INT 
interrupt is masked (CCR I bit = 1), an interrupt request 
occurs at the falling edge of the INT signal, and is 
latched until the INT interrupt servicing routine is exe- 
cuted. When the interrupt is enabled (CCR I bit=0), the 
CPU services the interrupt. 
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Servicing INT2 External Interrupt while Masked 







Theme 





If an INT) interrupt occurs while masked (MR6=1 or CCR I 
bit =l1), and then the interrupt is enabled (MR6=0 and CCR I 
bit=0), will the INT) interrupt be serviced? 


Evaluation Kit 
OD nes ersten 
| Applicable Manual | 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


a 


Reference Q & A Sheet 


QA635-321A 





Answer 














Yes. The CPU will service the INT) interrupt immediately 
after MR6 and CCR I bit become 0. 

Even while the interrupt is masked (MR6=1 or CCR I bit=1), 
an INT) interrupt request occurs at the falling edge of the 


INT) signal and MR7 is set to 1. Since MR7 retains the 
value until 0 is entered in MR7 by software, the interrupt 
request will be serviced when the interrupt is enabled. 

To prevent the servicing of any INT) interrupts that occur 
while masked, enter 0 in the MR7 before enabling the 
interrupts. 































| MR (Miscellaneous Register: S$Q00A) 
| 7 6 5 4 3 2 1 














-INT) interrupt mask bit 
-INT) interrupt request flag. 
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Theme | servicing SCI (Serial 1/0) Interrupt while Masked 


BUS Interface 


A/D Converter 


Reset 
Low Power Consumption 


feo 
[pata Buffer 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


| Other Data Document 





While the SCI (serial 1/0) interrupt is masked (SSR5=1 or 
CCR I bit=1), an SCI interrupt request (SSR7=1) occurs 
after the SCI completes data transmitting or receiving. 


If the SCI interrupt is then enabled (SSR5=0 and CCR I 
bit=0), will this SCI interrupt be serviced? 


* 


oO 
rt) 
cr 
st) 
wW 
c 
eh 
ah 
e) 
a 





Answer 





















Yes. Even while the SCI interrupt is masked, an SCI 
interrupt occurs and SSR7 (SCI interrupt request bit) is 
set to 1. SSR7 retains this value until 0 is entered in 
SSR7 by software, or data is read/written from/into the SDR 
(Serial Data Register). 

Therefore, the SCI interrupt is serviced when SSR5 and CCR 
I bit are set to 0 after SSR7 becomes 1. 

To prevent the servicing of any SCI interrupts, enter 0 in 
SSR7 by software, or set SSR5 and CCR I bit to O after 
reading/writing data from/into the SDR. 






Reference Q & A Sheet 


SSR (SCI Status Register: $0011) 
6 5 4 3 


1 
| ssr7 | ssr6 | ssr5 | ssr4 | ssr3 P>< ><] 


SCI interrupt mask bit 
SCL interrupt request bit 
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Servicing Timer Interrupt while Masked 


Question 






Oscillator 


Low Power Consumption 
EPROM-on-chip 


Evaluation Kit 


Data Buffer 
Applicable Manual 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


Pg 


Reference Q & A Sheet 


Se 





While the timer interrupt is masked (TCR6=1 or CCR I 
bit=1), if a timer interrupt occurs and then the interrupt 
is enabled (TCR6=0 and CCR I bit=0), will the timer 
interrupt be serviced? 


Answer 











Yes. Even while the timer interrupt is masked, a timer 
interrupt occurs and TCR7 (timer interrupt request flag) is 
set to 1. TCR7 retains this value until 0 is entered in 
TCR7 by software. 

Therefore, the timer interrupt is serviced when TCR6 and CCR 
I bit are set to 0 after TCR7 becomes 1. 

To prevent the servicing of any timer interrupts, set TCR6 
and the CCR I bit to 0 after entering O in TCR7. 










| TCR (Timer Control Register: $0009) 
6 5 4 3 2 


7 
TCRO 


Timer interrupt mask bit 
Timer interrupt request bit 
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Theme 








Servicing External Interrupt after Returning from Standby Mode 


Question Classification 


Parallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
nterrupt 

/D Converter 


If an external interrupt (INT or INT9) occurs in 


standby mode, and then the MCU returns to active mode 
with INT or INT9 being Low, will the interrupt be serviced? 


O jr jn 
i?) 
Q 
pe 
— 
— 
95) 
ct 
° 
s 


Reset 


ow Power Consumption 
PROM-on-chip 


3 


valuation Kit 
mulator 


Data Buffer 
Others 


Applicable Manual 


Title 


HD6305U0, HD6305V0 
Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 





rt 


ti [ojo 
° 
rh 
ins 
5 
Sy 
a} 
i) 


Answer 


















No. As you know, no external interrupts is serviced in 
standby mode. INT (when MR5=0) and INT? interrupt 

requests are serviced at the falling edges of the signals. 
However, in this case, no falling edges occurs after the MCU 
returns to active mode from standby mode, causing no 
interrupts to be serviced. 

For INT, however, Low-level sense is possible depending on 
the MR5 (Miscellaneous Register bit 5) value. When MR5 is 
1, the INT external interrupt is serviced after the MCU 
returns from standby mode. 























Reference Q & A Sheet 


| Supplement | 
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Theme 










Servicing Multiple Interrupts 


Question 


In a program having the interrupt servicing routines shown 
below, an external interrupt occurs during the execution 

of the servicing routine for the first timer interrupt. 
Then the second timer interrupt occurs during the execution 
of the external interrupt servicing routine. When will the 
second timer interrupt be serviced? 


Timer interrupt routine 







Classification 

Parallel Port 

erial Port 
Timer/Counter 
BUS Interface 

t 

/D Converter 
Oscillator 

eset 


cole P<) D> lH Ww 

ro) 3 

= ct 
om 

rg Le 

Oo te} 

= ro 

@m Cj 

5 

Ce) 

°o 

9 

n 

¢ 








External interrupt routine 
Service interrupt 


















Clear interrupt request flag 
Set next interrupt 0.3 ms after 
Disable timer interrupt 

Enable external interrupt 





EPROM-on-chip 


oftware 
valuation Kit 


mption 


















| 
Service interrupt Servicing time: 0.3-ms 








mulator 





Enable timer interrupt 


/The RTI instruction is immediately 


after the timer interrupt is enabled 
(TCR6=0) 


OR ee ep aed 





o 


ata Buffer 
Others 
Applicable Manual 
Title 









QO. 





Servicing time: 


Answer 


1 ms. \ 









The second timer interrupt is serviced in the main routine 


immediately after the RTI instruction is executed. 
External pee for ets Second timer interrupt 
interrupt timer interrup 


\ { Timer Timer 
First timer interrupt interrupt 
interrupt . aed 
-~—03ms — { ' 
names 
i 








as 






; | ' ' 1 1 Title 
Main routine Enable timer i! ! 
Request for — interrupt u LJ Dee ee ey I 
first timer interrupt = oe Gake pee } 





If there are 2 or more cycles between the timer interrupt 
enable instruction and the RTI instruction in the timer 
interrupt routine, the second timer interrupt is serviced 
in the same timer interrupt routine. 







Reference Q & A Sheet 





Second timer interrupt 





External Request for second 
interrupt timer interrupt 


First timer ae { _/ Timer Timer 
interrupt ee ran interrupt interrupt 
! 1s ' 
! ——— 0.3ms —m- | t t oe 
mn fF 
' 







| Main routine 


Request for first 
timer interrupt 


Supplement 





f t ] 
' 
Enable timer interrupt 1 j 


} 







ro 


ct 
2 
o 
m 
o 
fo 
cr 
py 
oO 
io) 
Q 
c 
5 
oO 
3 
cr 








1 
1 
1 
higestgaas —s | t— 03m5s Or oS ms Oe 
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Theme | timing of External Clock Input to the Oscillator and E Clock Timing 


Classification 
arallel Port 
Serial Port 
Timer/Counter 
BUS Interface 
Interrupt 

/D Converter 


Question 


rd 


If an external clock is input to the oscillator's EXTAL 
pin, with which edge of the external clock (rising or 
falling) does the E clock synchronize? 


ow Power Consumption 
PROM-on-chip 


valuation Kit 
mulator 


Data Buffer 
Others 
Applicable Manual 


BION Udy eit ps 1 pe 
° m 1M 

Hh nin 

cr? @D jhe 

5 > el! 

rt) = 

Le} sk) 

1) ct 

° 

ba 





Answer 


The E clock synchronizes with the falling edge of the 
external clock. 


o) 
ct 
Lm 
oO 
a 
o 
os 
cr? 
SY) 
o 
° 
re) 
is 
=) 
© 
| 
er 


Title 
External 


clock 


E clock 


Reference Q & A Sheet 


QA635-316A 


a 
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0 4S @ 8s 








Type | HD6305U0 
HD6305V0 


Theme 








Port Status at a Reset 


Question 


What are the statuses of the ports at a reset? 


| Answer | 
The ports are initialized as shown below. 


DDR (Data Direction 
Register) 


Port status at a reset | Designated as input 
ports (high impedance) 








Ports A to D (1/0) 
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OO 8M 0 16M 
Emulator O SD 






O Evaluation kit 








0 Software 
O SBC 

















Classification 


Parallel Port 
| Serial Port —s_—_—_—i 


BUS Interface 


Evaluation Kit 
[spo Ci 
| ___ Applicable Manual _| 


Title 


HD6305U0, HD6305V0 
Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


Title 
























Reference Q & A Sheet 


QA635-301A 


04S Mss 
O Evaluation kit 


Type 


HD6305U0 
HD6305V0 


Theme Entering Low-Power-Consumption Modes 


Question 


Does executing the WAIT or STOP instruction always cause 
the MCU to enter wait or stop mode? 


Answer 


No. The MCU enters wait or stop mode only in the following 

conditions. 

q) When there is no interrupt requests. ete 
(The RES, STBY and INT pins are all High and the INT 
interrupt latch and all interrupt bits are cleared.) 

(2) When the INT» and internal interrupts are disabled by 
the mask bits, and there is no other interrupts. _ 
(The RES, STBY and INT pins are all High, the INT 
interrupt Latch is cleared, and each interrupt mask 
bit is set.) 


If the above conditions are not met, the MCU executes 
the next instruction after the execution of the WAIT 
and STOP instructions which requires 4 cycles. 


0) 8M 
Emulator 





No. QA635-329A 


O 16M 0 Software 


QO SD 0 SBC 





Classification 


[timer /Counter 
Reset: sd 
rsp SCS 


Other Data Document 


Title 


Reference Q & A Sheet 


QA635-330A 


In case Q) above, the absence or presence of the INT? and internal 


interrupt requests has no effect. 
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Theme 






Entering Wait Mode 


Parallel Port 


Interrupt 


A/D Converter 


Are there any precautions about entering wait mode by the 
WAIT instruction execution? 


Low Power Consumption 


PROM-on-chip 


5) 


Evaluation Kit 


Data Buffer 
Others 


| Applicable Manual 


Other Data Document 





rt ~* 
B ° 
Cc rh 
fom ct 
tt) = 
ct fet) 
° La} 
ry 4) 


Answer 









Note that the method of entering wait mode differs 
depending on the returning method from wait mode. 













Returning __ Laiede 

method fro INT interrupt INT9, TIMER, TIMER2, SCI 
wait mode 

Set all interrupt | Set all mask bits except 


Notes on mask bits. the one for the interrupt 
entering to be used. 
wait mode Do not cause any INT in- 


neared 





terrupts in wait mode. 
QA635-329A | 


Interrupt mask bits: 











INT) Miscellaneous Register (MR: SOA) bit 6 
TIMER Timer control Register (TCR: $09) bit 6 
TIMER2 SCI Status Register (SSR: $11) bit 4 
SCI —-_———- SCI Status Register (SSR: $11) bit 5 
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Theme 










Entering Stop Mode 








Parallel Port 
Interrupt 


Evaluation Kit 


Data Buffer 
Applicable Manual 


Title 
Note that the method of entering stop mode differs 
depending on the returning method from stop mode. 


ee aie 
method fro INT interrupt -INT9 interrupt : Other Dats Document 
stop mode Title 
Notes on Set INT») Do not cause any INT in- 
entering interrupt mask terrupts in stop mode. 
stop mode bit (MR6) 

Reference Q & A Sheet 


INT Interrupt mask bits; Miscellaneous Register (MR: $0A) bit 6 


Question 





Are there any precautions about entering stop mode by the 
STOP instruction execution? 
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hens Returning Time from Stop Mode 


Question Classification _ 


arallel Port 
Serial Port 
Timer/Counter 


rd 


a > [rt | oP 

1) cS 

7) n 

@ 

tt 
3 
ima 
@ 
a 
rh 
rf) 
re) 
@ 


How long is the internal delay when the MCU returns from 
stop mode to operating mode by the interrupt INT or INT). 


nterrupt 
/D Converter 
Oscillator 


Low Power Consumption 
chip 


valuation Kit 
mulator 


oO 


txt jth) | | te 
o jv 
Bh | 
cr 1 © 
21s 
Ta | 
Hy {OO 
ad 


ata Buffer 
thers 

Applicable Manual _ 
Title 


© 


It is approximately 14 ms when a 4-MHz crystal oscillator 
is used. 

The internal delay time indicates the period while the CPU 
execution is stopped and until the oscillating circuit 
which was stopped in stop mode performs stabilized oscilla- 
tion. This delay is automatically generated in the MCU. 


Title 


Reference Q & A Sheet 





ct 
fa 
c 
i | 
o 
© 
rt 
wo 
oO 
° 
re 
¢ 
B 
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| Theme 













Standby Mode Timing 


Question 











In the following chart showing the timing at which the MCU 
enters standby mode, is there any limit to the value of t? 
In addition, at what timing should Vcc be dropped? 


el 
| 


Applicable Manual 
Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


os 


Reference Q & A Sheet 


QA635-334A 
QA635-335A 


Pe 
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Oscillation Restart 
Stabilizing 
Time 


Timing Chart of Returning “ose 


from Standby Mode 


Answer 


There is no_ limit to the value of t. 

Either the STBY pin or RES pin can be Low first. However, 
the RES must_be raised 20 msec or more behind the rising 
edge of the STBY to restart operation. 

The Vcc must be dropped after the STBY becomes Low. It _ 
should be returned to the specified level before the STBY 
returns to High. 
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Theme 




















Returning from Standby Mode 


Is there any method of returning from standby mode other 
than reset-start? 







(sie sar 
[Applicable Manual 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 


Pt 


Reference Q & A Sheet 


Peeene eC ee Reeeae 


| Answer | 















No. In standby mode, the internal oscillator is stopped 
and the MCU internal register values are destroyed. (The 
contents of the Program Counter are also destroyed.) 
Therefore, only setting the STBY pin in High caused the MCU 
to burst. 












Be sure to perform a reset~start to return from standby 
mode. 






aokoa 


Oscillation Restart 
Stabilizing 

Time 

Timing Chart of Returning (tog¢720 ms) 


from Standby Mode 


QA635-333A 
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pve Executing an Instruction when Entering Standby Mode 


Question 
Timer /Counter 

; 
Evaluation Kit 

SD ee eee ee a 


Title 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 





The MCU enters standby mode by setting the STBY pin in Low. 
What will happen to the instruction that was being executed 
at that time? 





Answer 




















The instruction execution is stopped since the MCU enters 
standby mode whether or not an instruction execution 
sequence 1s executed. The MCU enters standby mode imme- 
diately after the STBY pin becomes Low. 

In standby mode, the internal oscillator is stopped and the 
contents of the MCU internal registers are destroyed. So, 
be sure to perform a reset-start to return from standby 
mode (the built-in RAM values are retained). 

















E clock | | 
STBY | 


‘Sn Standby mode 


Reference Q & A Sheet 


QA635-333A 
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Theme 








Current Consumption in Low~Power-Consumption Mode 


Question 


Classification 
Parallel Port 


Interrupt 


Reset 
Low Power Consumption 


Emulator 
canary 


Title 
Yes. Since the I/O ports maintain their output levels even 
in stop and wait modes, the Icc will be increased by Ioy or 
_Ipy;, when a load is applied to the ports. 
In standby mode, however, the 1/0 ports are in the high 
impedance state, and the Icc is the same with or without 


Other Data Document 


: 


Reference Q & A Sheet 


QA635-333A 





Is the Icc (current consumption) in low-power-consumption 
modes which is specified in the data sheets the value when 
no load is applied to the I/O ports? 
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Theme ; ; ‘ : ‘ 
Using Bit Manipulating Instruction for Output Ports 


| 

Oscillator 
* 
[sp s—C‘CSCsé*zr 


HD6305U0, HD6305V0 

Data Sheets 

8-bit Single-Chip Micro- 
computer Data Book 


Other Data Document 





Is it possible to use the bit manipulating instruction for 
the Data Registers of the output ports (ports A, B, C and D 
used for output)? 





Answer 

















Yes. 
The bit manipulating instruction automatically reads out an 
address, manipulates data in it and re-enters a result in 
the address. This instruction can be used for any 
read/write registers. 







Reference Q & A Sheet 
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Accessing Not Used Areas on Memory Map 


| 
Parallel Port 
Interrupt 
Evaluation Kit 

ODS ete te eee tary 
| | 


Title 
Nothing will happen as long as the areas are not addresses 
$13 to SIF. | 
Never access the $13 to $IF areas since they are used for 
IC testing. Accessing (reading/writing) these areas causes 
the MCU to burst. 


Other Data Document 


Reference Q & A Sheet 






What will happen if data is read from or written into the 
area designated as Not Used on the memory map? 


| 
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HD6305/HD63L05 SERIES HANDBOOK 


Section Nine 


System Application 


Notes 
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Introduction 


HD6305YO0 is a series of 8-bit single chip microcomputers characterized by micro- 
programming control. The HD6305Y0O has on chip a CPU, a clock generator, ROM, RAM, 


I/O, 2 timers, and a serial communication interface (SCI). 


This APPLICATION NOTE describes the system operation of an intelligent telephone 
using the HD6305Y0 to help users better understand the instruction set and to 


provide them with a useful reference for developing other systems. 


The intelligent telephone described in APPLICATION NOTE makes the best use of 
HD6305YO features as follows: 


HARDWARE 
7872-byte ROM ......... For storing large programs 
256-byte RAM .......... For reserving large work areas 
L/O terminals .atnwasd< For interfacing with external devices 
2. CAMOVS pres Soe are een For processing various interrupts 
SOFTWARE 


Byte efficient instruction set 
ei ier de exe sRivan lesb er eee For improving program efficiency 
Powerful bit manipulation instructions 
Paar Diwelee Se eae. d Bit set, Bit clear, and Bit test and 
Branch for manipulating RAM and all I/O 


terminals 


Although Programs described in APPLICATION NOTE have already been 


debugged, please be sure to check their operation in actual use. 
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Section l. System Configuration 


This chapter describes the general construction and functions of the Intelligent 


Telephone, the system model for the APPLICATION NOTE. 


1.1 System Configuration 


1.1.1 External view 


The external view of the Intelligent Telephone is shown in Fig. 1.1. 


LCD (l-row X 40—-columns) 


8 X 8 key matrix 





Fig. 1.1 External View 
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1.1.2 System specification outline 


Individual components and functions of the Intelligent Telephone are described 


in Fig. 1.2. Numbers in the figure correspond to numbers on previous page. 


@ Speed dialing @ Redialing @ On-hook dialing © Storing telephone numbers 


Pushing key | Pushing key 
will automatically will automatically 
dial the previously | redial the 

called telephone previously called 
number once. telephone number 
up to a max. of 10 
times. 





A max. of 200 names 
and corresponding 
telephone numbers 
can be stored. 


|Name and 
telephone number oer 


A Max. of 10 speed 
dialing numbers can 
be entered. 

Speed dialing can 
be performed by 
pushing 
key and entering 
the speed dial 
code. 


Dialing can be 
performed with 
handset down. 






































































© Displaying information on LCD 
(i) Calendar & time os ao ; : 
(normal display) (ii) Telephone number (iii) Elapsed time (iv) Charge (v) Accumulated charge 


*11/30 09:17:46 032121111 TIME 00:03:23 RATE 00000010 SEC180 CHARGE 00000010 CHARGE 00001500 


Example: Indicates Example: Indicates Example: Indicates charge Example: Indicates a 





Nov. 30, dialing talking 

Cc -_ 

na eee "03-212-1111". for 3 Indicates a rate ecco me 

cumulated 
minutes of 10 cents/180 
and 23 sec and : oo 1500 cents 

seconds. charge of l ($15.00). 

cents. 


charge of 
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CO 
@ 
Ce) 
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Handset Alphabet Keys 


© LCD Display 
Display calendar & time, charge, elapsed time and so on. 
(Refer to © on previous page) 









Digit Keys 


gee (6) Display Charge Key 

Push for displaying charge. 

? (Refer to © (iv) on previous page) 
m-@ Display Accumulated Charge Key 

Push for displaying 

accumulated charge. _ 

(Refer to © (v) on previous page) 


yee 
Eh aS Ba 
BO 


Le} Le] LeI Le 
es) 




















\<e) 
& 
—_ 
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®@®Display Elapsed Time Key 
Push for displaying 
elapsed time. 
(Refer to © (iii) on previous page) 
OSpeed Dial Key 
Push for speed dialing. 
(Refer to @® on previous page) 














beer waned 





 Rearareasen | 
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Enter Speed Dial Key 
Push for entering speed 
dialing numbers (max. 10). 


@Redial Key 
Push for redialing. 
(Refer to @ on previous page) 









SET CLEAR rT) 
CHARGE A.C. 


| i:these key are 

ee od . 
not used in 
this system. 


| rer 









End Key @Retry Key 
Push for ending charge, Push for call retrying. 
telephone call time (Refer to ® on previous page) 
display. 
@Clear Accumulated Charge Key Execute Key 
Push for clearing accumulated Push to generating 
charge. processing when entering 
Set Charge Key telephone numbers. 


Push for setting charge. 
Set Calendar & Time Key 
Push for setting calendar & time. 
@Dial Key 
Push for dialing with handset down. (Refer to @ on previous page) 
®Enter/Review/Modify/Delete Telephone Numbers 
Push for entering/reviewing/modifying/deleting telephone numbers. 
(Refer to © on previous page) 
Tab Key 
Push for moving cursor to 21st digit. 


id 


Arrow Key 
Push for moving cursor to the next or preceding character. 


Fig. 1.2 Individual Components and Functions of the Intelligent Telephone 


This section describes how to operate the Intelligent Telephone. 


Each item of operation is shown below. 


Normal Dialing 
, Speed Dialing 
1 Lali Pp 
(1) Dialing Procedure Redial the Previous Telephone Number 
Retry the Previous Telephone Number 
(2) Storing Telephone ve 


Enter a Telephone Number 

Review a Telephone Number 
Modify a Telephone Number 
Delete a Telephone Number 


Q@OOBO 


Enter a Speed Dial Number 


Display Charge 
Di 
(3) Displaying aati Display Accumulated Charge 


Display Elapsed time 


Set Charge 

(4) Defining Information to be 
Cc 

Displayed on LCD lear Accumulated Charge 


Set Calendar & time 
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1.2.1 Dialing procedure 


@) Normal Dialing 


Example: How to dial "032121111" 


(1) Dialing with handset up 


* 11/30 17205223 





PICK UP THE HANDSET 


MEAMIAIEIEIGIEIG) 


032121111 


(2) Dialing with handset down 


*11/30 £7 205.223 





EI EIDILILIGIGIG 


032121111 


PICK UP THE HANDSET 





@ HITACHI 


Dialing a normal telephone number 
with handset up or down. 


(Calendar & time is displayed.) 
1. Pick up the handset. 
(Calendar & time is deleted.) 


2. Listen for the dial tone and then 
Gial the number. 


(Telephone number is displayed and 
call is made.) 


(Calendar & time is displayed.) 
1. Push key. 
(Calendar & time is deleted.) 


2. Listen for the dial tone and then 
dial the number. 


(Telephone number is displayed and 
call is made.) 


3. If call is answered, pick up the 
handset. 


943 











re ny a SN OE NR NT Oh Sd eas ee a ee en ag ee ee ee Se ee 
Dialing a telephone number using a 


(2) Speed Dialing 


preassigned abbreviated number. 


Example: How to dial "032121111" using speed dialing 


(1) Dialing with handset up 


*11/30 17205323 





PICK UP THE HANDSET 


SPEED DIAL 


O3212711.1 





(2) Dialing with handset down 


*11/30 17205323 


SPEED DIAL 


032121111 





PICK UP THE HANDSET 


944 


(Calendar & time is displayed.) 
1. Pick up the handset. 


(Calendar & time is deleted.) 


2. Push Key. 
(Prompt is displayed.) 
3. Enter speed dial code. 


(Speed dial code and telephone 
number are displayed and call is 
made. ) 


(Calendar & time is displayed.) 


1. Push (SPEED_DIAL] key. 
(Prompt is displayed.) 
2. Enter speed dial code. 


(Speed dial code and telephone 
number are displayed and call is 
made.) 


3. If call is answered, pick up the 
handset. 
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G) Redial the Previous Telephone Number ReGral: Che previously. Calica 
telephone number once. 





Example: How to redial the previous telephone number in the case 
Of “OS2721011" 


(1) Dialing with handset up 


*11/30 LPZODs 23 


PICK UP THE HANDSET 1. Pick up the handset, 


(Calendar & time is displayed.) 









(Calendar & time is deleted.) 


2. Push [REDIAL] key. 


(Telephone number is displayed and 
call is made.) 





REDIAL 032121111 


(2) Dialing with handset down 


*11/30 17205223 


(Calendar & time is displayed.) 









1. Push ([REDIAL] key. 


(Telephone number is displayed and 
call is made.) 





REDIAL 032121111 
2. If call is answered, pick up the 


K Ab 
PICK UP THE HANDSE ere, pee 
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| Autoiiaticaliy retry the previously 
(4) Retry the Previous Telephone Number called telephone number up to a 
maximum of ten times. 


Example: How to retry the previous telephone number in the 
case of "032121111" 


*11/30 17:05:23 


(Calendar & time is displayed.) 











1. Push key. 


(Note) 
(Wait two minutes. The telephone 
number to be retried is blinked 


O32 021411. 
: on and off during this time.) 


(Ring the number for 45 seconds.) 






If not answered 


If not answered, wait again for two 
minutes before retrying. This 
function is cancelled, if call is 
retried ten times with no answer. 


(If answered, 
a buzzer sounds 
to notify caller.) 





PICK UP THE HANDSET 2. Pick up the handset. 


Note: To cancel retrying during this time, the user can push the [END] key. 
Moreover, if a telephone call is received, retrying is cancelled 


automatically. 
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1.2.2 Storing telephone numbers 


Enter a name (max. 20 figures) and 
corresponding telephone number (max. 
18 figures) for a maximum of 200 
names/telephone numbers. 


GQ) Enter a Telephone Number 





Example: How to enter "HITACHI 032121111" 


*11/30 17:05:23 


(Calendar & time is displayed.) 






1. Push key. 


(Calendar & time is deleted and cursor 
is displayed. ) 


Enter name. 


| 
CJ 
[3] 
I) 
(3) 
(=) 
ta 
a 


(Name is displayed.) 


3. Push [TAB] key to move cursor to 21st 
digit on LCD (Telephone number must 
be input from 21st digit). 


(Cursor is displayed on 2lst digit.) 





[Ss] 
[x] 
[S] 
[E] 
(SJ 
[=] 
[=] 
(oJ 
c 
a 


Enter telephone number. 


(Both name and telephone number are 
displayed.) 


5. Confirm whether correct name and 
telephone number is input or not. 


If correct, push |EXECUTE| key. 


If incorrect, modify data and push 


EXECUTE| key. 


*11/30 17:06:57 


Note: If a user tries to enter more than 201 names/telephone numbers, 


(Calendar & time is displayed again.) 


"FULL" is displayed and data cannot be entered; push [END] key to 


return to calendar & time display. 


@ HITACHI 
947 








i 


(2) Rav lew: ae lephone: Number _ Review a previously entered name and 
telephone number. 


Example: How to review "MAIKON" and corresponding 
telephone number 


*11/30 17:05:23 (Calendar & time is displayed.) 


1. Push [REVIEW] key. 


(Calendar & time is deleted and 
cursor is displayed.) 


2. Enter a character string matching 
some part of the name sought for 
(1 character OK). 


(Data to review is displayed.) 


HH 
I 
= 
CQ) re 
qi 
by 


[EXECUTE | 


XE 3. Push 





key to review. 


(Data matching string is displayed. 
HITACHI 032121111 »*x If "*" is displayed on the last 
digit, there are more data.) 


Push|]key or[—|key to find desired 
data. ([-]key displays next data. 
[<—]key displays previous data.) 


! 


(Note) 
MAIKON 0423251711 (Desired data is found.) 


Push [END] key, if review is completed. 


*11/30 17:06:57 (Calendar & time is displayed again.) 


Note: After [-]key is pushed, "*" may be deleted. 
This means that no data follows. 
If needed, push [+]key and review previous data. 
In the same way, if[<+]key is pushed and "x" 
deleted, there are no more previous data. 
If needed, push[--]key and review next data. 
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Modify a previously entered name and 
telephone number. 





G) Modify a Telephone Number 


Example: How to modify "MEIKON 0423251712" to 
"MAIKON 0423251711" 


*11/30 17:05:23 (Calendar & time is displayed.) 


1. Push |MODIFY| key. 


(Calendar & time is deleted and 
cursor is displayed.) 


Enter a character string matching some 
part of the name sought for (1 character 
OK). 


(Data to review is displayed.) 


Hi 
I 
; 
No 
e 


Push |EXECUTE| key to review. 


i 
Fa 
Q 
C 
= 
Ss 
‘a 


(Data matching string is displayed. 
HITACHI 032121111 *K If "x" is displayed on the last 
digit, there are more data.) 


Push [=]key or []key to find desired 
data. ([*]key displays next data. 
|] key displays previous data.) 


(Note) 
METKON 0423251712 (Data to be modified is displayed.) 


5. If data to be modified is found, push 


ecu key to stop reviewing data. 
MEIKON 0423251712 (Cursor is displayed.) 
ee set ot [=] 6. Modify data using[*]key and Fe]key. 


MAIKON 0423251711 _ (Modified data is displayed.) 


7. If modification is completed, push 


key. 


*11/30 17:06:57 (Calendar & time is displayed again.) 





Note: After[+]key is pushed, "*" may be deleted. This means that no data 
follows. If needed, push[=]key and review previous data. In the 
same way, iff—|key is pushed and "x" deleted, there are no more 
previous data. If needed, push[-=|key and review next data. 
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Delete a previously entered name and 


Delet Tel N 
(@) She Pe epnon]: Seer telephone number. 


Example: How to delete "MAIKON 0423251711" 


*11/30 17:05:23 (Calendar & time is displayed.) 


DELETE 1. Push [DELETE] key. 


(Calendar & time is deleted and 
cursor is displayed.) 


Enter a character string matching some 
part of the name sought for (1 
character OK).. 


(Data to review is displayed.) 


rH 
i 
; 
bo 
6 


bi 
Fa 
Q 
5 
a 
: 


Push |EXECUTE] key to review. 


(Data matching string is displayed. 
HITACHI 032121111 >K If "x" is displayed on the last 
— digit, there are more data.) 


Push [+|key or-e]key to find desired 
data. ([]key displays next data. fe] 
key displays previous data.) 


! 


(Note) 
MAIKON 0423251711 (Desired data is found.) 


! 


EXECUTE 5. If data to be deleted is found, push 
EXECUTE]! key to delete data. 


| %*11/30 17:06:57 (Calendar & time is displayed again.) 


Note: After[]key is pushed, "*" may be deleted. 
This means that no data follows. 
If needed, pushfe]key and review previous data. 
In the same way, iff*]key is pushed and "x" 
deleted, there are no more previous data. 
If needed, push[*]key and review next data. 


© HITACHI 
950 


G) Enter a Speed Dial Number 


Enter an abbreviated speed dial 
code up to a maximum of ten 
telephone numbers. 





Example: How to enter "1 = 032121111" 


*11/ 30 17:05:23 


ENTER SPEED DIAL 















> 


BELA LLoE 













*11/30 17:06:57 


(Calendar & time is displayed.) 


Push |ENTER SPEED DIAL| key. 


(Calendar & time is deleted and 
cursor is displayed.) 


(Note 1) 
Enter speed dial code. 


(Speed dial code is displayed.) 


Push key. 


(Cursor is moved to 21st digit.) 
Enter telephone number. 


(Both speed dial code and telephone 
number are displayed.) 


(Note 2) 
Confirm whether correct speed dial 
code and telephone number is input 


or not. If correct, push |EXECUTE 
key. If incorrect, modify data and 


push key. 


(Calendar & time is displayed again.) 


Notes: 1. Only a digit numeral (09) can be used for a 
speed dial code. 
2. If a number previously entered is reentered, 
previous data is deleted. 
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1.2.3 Displaying information on LCp 

(Note 1) 
Display current charge during a 
telephone conversation. 


@) Display Charge 


Example: How to display charge in the case of RATE=10 cents/180 sec, 
elapsed time = 200 seconds. 


032121111 (Telephone number is displayed.) 


DISPLAY CHARGE 1. Push [DISPLAY CHARGE] key. 


!RATE 00000010 SEC 180 CHARGE 00000020 (Both rate and charge are displayed.) 


Rate Charge 


2. After confirming charge, push 
key. 
(Note 2) 
ee Telephone number is displayed 

032121111 eer one tes 

again.) 

Notes: 1. While not in a telephone conversation, "RATE 00000010 SEC 180 CHARGE 
00000000" is displayed. In this case, push key to return to 
calendar & time display. 

2. During speed dialing, redialing, or retrying, only the telephone 
number is displayed. 








(Note) 
(2) Display Accumulated Charge Display accumulated charge up to the 
present for one telephone number. 






Example: How to display accumulated charge in case of the 
1500 cents ($15.00). 


* 11/30 17:05:23 | 


DISPLAY ACCUMULATED CHARGE 
CHARGE 00001500 


Accumulated charge 


(Calendar & time is displayed.) 


















1. Push [DISPLAY ACCUMULATED CHARGE] key. 


(The accumulated charge is 
displayed.) 


2. After confirming accumulated charge, 


push [END] key. 





(Calendar & time is displayed 
again.) 


1* 11/30 17:06:57 | 


Note: If [DISPLAY ACCUMULATED CHARGE key is pushed during a telephone 


conversation, accumulated charge is displayed. In this case, the 
accumulated charge is incrementing during the conversation, based 
on the rate for charge. If the [END] key is pushed, the telephone 

number is displayed again. . 
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| (Note 1) 
Display elapsed time of a telephone 
conversation. 


G) Display Elapsed Time 


Example: How to display elapsed time in the case of 1 minute 
and 30 seconds. 


032121111 (Telephone number is displayed.) 
1. Push [DISPLAY ELAPSED TIME] key. 


TIME 00:01:30 (Elapsed time is displayed.) 
— j; ct, 


Hour Minute Second 
2. After confirming elapsed time, 


push key. 


(Note 2) 


032121111 (Telephone number is displayed 


again.) 


Notes: 1. While not in a telephone conversation, "TIME 00:00:00" is displayed. 
In this case, push key to return to calendar & time display.. 


2. During speed dialing, redialing, or retrying, only the telephone 
number is displayed. 
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1.2.4 Defining information to be displayed on LCD 


Enter the standard rate for telephone 


@ Set Charge call charges. 


Example: How to set the rate for charges in the case of rate = 10 
cents/180 sec. 


*11/30 17:05:23 (Calendar & time is displayed.) 


SET CHARGE Push |SET CHARGE] key. 


RATE 00000000 SEC 000 (Present rate for charge is 
_ displayed. ) 


(Note ) 


(-+|[-] . AJL Jello] Enter new rate. 


Charge per Seconds 


After confirming rate, push |EXECUTE 
key. 


| | rs (Calendar & time is displayed 
*11/30 17:06:57 gains) 


Note: In this case, the cursor moves only where numerals are displayed. 


(2) Clear Accumulated Charge Clear the present accumulated charge. 


Example: How to clear accumulated charge in the case of 1500 cents 
($15.00). 


*11/30 17:05:23 (Calendar & time is displayed.) 


DISPLAY ACCUMULATED CHARGE Push [DISPLAY ACCUMULATED CHARGE] key. 


CHARGE 00001500 (Present accumulated charge is 
| | displayed.) 
CLEAR ACCUMULATED CHARGE Push |CLEAR ACCUMULATED CHARGE] key. 


CHARGE OO000000 (Present accumulated charge is 


cleared. ) 


TEND | | After confirming accumulated charge, 


push key. 


121/30 17:06:57 (Calendar & time is displayed again.) 
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(Note 1) 


Set Calendar & Time 
® Modify calendar & time. 


Example: How to modify "11/30 17:05:23" to "12/01 05:27:30". 


*11/30 17:05:23 (Calendar & time is displayed.) 


SET CALENDAR & TIME 1. Push |SET CALENDAR & TIME] key. 


*11/30 17:05:23 (Present calendar & time is 
= displayed. ) 


(Note 2) 


(2}[2][o] fa }fo][5}[2)[7][3) (0) 2. Modify calendar & time. 


*K12/01 05:27:30 (Modified calendar & time is 
= displayed.) 


Confirm whether correct calendar & 
time is input or not. If correct, 


push [EXECUTE] key. If incorrect, 
modify data and push |EXECUTE|key. 


*12/01 05:27:30 (Modified calendar & time is 
displayed. ) 


Notes: 1. Time is displayed in military time. 
2. In this case, the cursor moves only where numerals are displayed. 
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Section 2. Hardware Description 


This chapter describes the hardware configuration of the Intelligent Telephone. 


The devices and circuits making up this hardware can be devided into four major 


functional blocks, as shown in Fig. Bw be 


(1) Transmitting and Receiving Control Circuit 

(2) Control Circuit for Storing and Retrieving Telephone Numbers in External RA! 
(3) Driving the Liquid Crystal Display Module (H2572) 

(4) 8x8 Key Matrix 


The hardware is explained in terms of each block. The function of each block 


is listed in Table 2.1. 


| (1) Transmitting and Receiving 
(4)8 X 8 Key Matrix Control Circuit 


8X 8 


feeagee ee for ask eee Pee on eet poet 


HD6305Y0 


Retrieving Telephone 
Numbers in External 
RAM 


Storing Tele- 


RAM for | 
| 
phone Numbers | 


| 


Module (H2572) 


| 
| 
| 
| 
| 
] 





Fig. 2.1 Hardware Configuration 


Table 2.1 Hardware Blocks Function 





No. Block Function 





1 Transmitting and Receiving Control transmitting and receiving, and detect 
Control Circuit circuit conditions. 





2 Control Circuit for Storing Store names and telephone numbers for 200 
and Retrieving Telephone persons and 10 speed dial numbers. 
Numbers in External RAM 





3 Driving the Liquid Crystal Display ASCII character, stored in display RAM, 








Display Module (H2572) on LCD (l-row x 40-columns). 
4 8x 8 Key Matrix Perform key scan for 8 x 8 key matrix 
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2.1 Transmitting and Receiving Control Circuit 


Circuit 
Conditions 


Tone 
Generator 








Fig. 2.2 "Transmitting and Receiving Control Circuit" Part 
(1) Hardware and Operation Description 


(a) For transmitting, the HD6305Y0 outputs a telephone number to the 
HD61826 tone generator, which generates tones and outputs them to the 
speech network, consisting mainly of the HA16808NT tone ringer. 
Finally, the HA1L6O808NT outputs the tones onto the subscriber line. 

(b) For receiving, the HA1L6808NT receives a ring signal, from the 
subscriber line which triggers buzzing. The ring signal, output 
from the HA16808NT, is input to the HD6305Y0 through a photo- 


coupler to indicate receiving. 
(c) The HD6305YO is connected with the subscriber line through 2 photo- 


couplers. Based on data from these 2 photo-coupler, circuit 
conditions can be detected, e.g., handset is up or down, call 
answered or not. 


(2) Microcomputer Applications 


(a) Port E of the HD6305Y0 outputs data corresponding to a telephone number 
to the HD61826. Tone output from the HD61826 is performed by 16 ms 
timer 2. 

(bo) The ring signal is input to bit 1 of port D. 

(c) Output from 2 photo-coupler, detecting circuit conditions, is input to 


bit 2, bit 3 of port D. 
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(3) Circuit Diagram 


The interface circuit between the HD6305Y0 and "Transmitting 


and Receiving Control Circuit" is shown in Fig. 2.3. 


The “Transmitting and Receiving Control Circuit" consists 


of four sections. 


(a4) Others 
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(a) Tone Transmitting 


Pig. 723.3 Interface Circuit Between the HD6305Y0 and 
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(a) Tone transmitting 
(b) Receiving 


(c) Detecting circuit conditions 










(a) Others 
(a) Others 

ose a age erp, ete Oe ey ene 7 

+5V \ 

| t 

| 

28 C458 800 | | 

O 0 O | 

2ka é (e) aces 

| CY a s ! 

ESD eee J 

Rfcae Sg fag vet oo; oe” chon 7 47ka 
Subscriber 
Line 


(c) Detecting Circuit 
Conditions 






—o—o —- —f we ee eee eee i 


Dynamic 








keke 


a7. ores 
43ka 






HOLD 
RB 
GRCT 
L: 
L _13ko_ as! prince, 







apeaee ~ 









BRIDGE, 





ss a a ae ee a es et 


Ne EER GHEE cE GOREN CoN UEENED SE etm S| EE ere wee en ee ee ee met GE Gum ameeS Gee GEE eee aimee quEES aoe com come 


“Transmitting and Receiving Control Circuit" 
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(4) Pin Functions 


Pin functions at the interface between the HD6305Y0 and "Transmitting 


and Receiving Control Circuit" are shown in Table 2.2, 


Table 2.2 Pin Functions at the Interface Between the HD6305Y0 and "Transmitting 


and Receiving Control Circuit" 








Active 
Level 
Pin Name Input/ (High Device and Pin Program 
Section Name (HD6305Y0) Output or Low) Function Name Label 
(a) Tone EO Output — Data for tone output HD61826 COL1 PEDTR 
transmitting. Ej Output — COL 
E2 Output — COL3 
E3 Output — ROWL 
Eq Output — ROW. 
Es Output — ROW 
E6 Output — ROW 
E7 Output Low ON/OFF switch for HS pin HS 
(b) Receiving D1 Input High Detect receiving Photo- Collecter PDDTR 
coupler 
(c) Detecting D2 -Input — Detect circuit conditions Photo- Emitter 
circuit coupler 
conditions D3 Input — Photo- Emitter 
coupler 
(a) Others D4 Input High Control hook switch Switch 
FS Output High Control relay Relay PFDTR 
F¢ Output — Buzz Buzzer 





Note: "Active Level" in Table 2.2 indicates the following; 
High: logical 1 
Low : logical 0 


— : logical 1 or logical 0 
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(5) Hardware Operation 


(a) Tone transmitting 


In this application system, port E of the HD6305Y0 outputs data 
corresponding to a telephone number to the HD61826, which in turn 


outputs the corresponding tones. 


The HD61826 outputs tone (09, x*, #) corresponding to 7-bit input 
Signal (ROW1VROW4 and COL1COL3). The relation between tone output 


and row/column input is shown in Fig. 2.4. For example, to output 


"2", set both ROW] and COL2 to High. 





Fig. 2.4 Relation Between Tone Output and Row/Column Input 


In this system, the HD61826 is connected to the HD6305Y0 through 
photo-couplers. Thus, to output "2", set bits 1 and 3 of port E to 
High. Bit 7 of port E is also used to control the HS pin of the 
HD61826. The interface circuit between port E of the HD6305Y0 and 
Row/Column/HS of the HD61826 is shown in Fig. 2.5. 
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ae ROWS a 
HD6305Y0 | 


COL2 


HD741S240 


HD61826 


Be Te le fe ie ie 
© |e Ip Jw fe fu jo 





Fig. 2.5 Interface Circuit Between Port E of the HD6305Y0 and Row/Column/ 
HS pin of the HD61826 
Interface timing between the HD6305Y0 (port E) and the HD61826 


(Row, Column, HS, OSC, MUTE, TONE) is shown in Fig. 2.6. 












Pin name | ! nom | | ec ty : 
(HD6 305¥0 /HD61826)! ! | 

ane | 
Ae ee <P 
E1 / COL2 | ) : 
Ba aa 
E3 / ROWL 1 ! 
Eq / ROW2 a ee 
Es / ROW3 ————1_____ 
Eg / ROW4 ! 


E7 / HS 


O 
WY 
) 


S 


TE 





Fig. 2.6 Tone Transmitting Interface Timing 
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(b) Receiving 


When this telephone is called from another telephone, a ring signal is 
input to the HA16808NT from the subscriber line. Ring signal output from 
the HAL6O808NT is input to bit 1 of port D through a photo-coupler. When 


bit 1 of port Dis "1", the HD6305Y0 determines a receiving condition. 


Interface timing for the ring signal, photo-coupler, and port is shown 


in Pigs 2.7% 


HA16808NT | OUTPUT —"\/\W\W-—— VV 


mnoto-ceomer — LSU LI UU 
HD6305¥O Dy _ | | 





Fig. 2.7 Receiving Interface Timing 
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(c) Detect circuit conditions 


In this application system, circuit conditions are detected using 


features of the subscriber line. 


Iwo subscriber lines are connected to this system as shown in Fig. 


2u0% 


® 


This System Subscriber line 





Fig. 2.8 This System and Subscriber Line 


When the handset is down, both subscriber lines are Low. 

. When -the handset is up to call, either subscriber line is High. 
After the tones are output and the call answered, the subscriber line 
which was previously High goes Low, and that which was Low goes High. 
When the conversation is over and the handset is put down, both sub- 


scriber lines go Low again. 


In this system, the changing High and Low states of the subscriber 
lines are input to bits 2 and 3 of port D of the HD6305Y0 through photo- 
couplers. As mentioned above, using these data, various circuit conditior 


can be detected. 
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(i) When handset is up to call 


HD6305Y0 





Fig. 2.9 Circuit Condition When Handset is Up to Call 


Pin name 


Handset { Hook switch 


| 
es 
| 
Photo-coupler © 


Photo-coupler Q = —————————__,_—_ 
| 
| 
| 


| 


D3 


HD6305Y0 


| 
Handset 1s up. 





Fig. 2.10 Interface Timing When Handset is Up to Call 


© HITACHI 


965 








(ii) When call is answered (conversation in progress) 


+5V 


HD6305Y0 
4 Photo- 





Fig. 2.11 Circuit Condition When Call is Answered 


Pin name | 


Handset { Hook switch a eee | ee er ee 


| 

Photo-coupler @ HF 
| | 
| 


Photo-coupler 


HD6305Y0 


Answered 





Fig. 2.12 Interface Timing When Call is Answered 
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(ad) Others 


(i) Control relay 


When tone is output using on-hook dialing, bit 5 of port F is 


set to High and relay ON. 


2SC458 


54 Low 2k02 
Fs 


HD6305Y0O 


Subscriber 
Line 


To Diode. Bridge To Diode Bridge 





Fig. 2.13 Relay OFF 


2SC458 


HD6305Y0 


Subscriber 
Line 


To Diode Bridge To Diode Bridge 





Fig. 2.14 Relay ON 
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(ii) Control hook-switch 


When tone is output using on-hook dialing (handset is down), 


this switch is ON. If High is input to bit 4 of port D, software 


forces bit 5 of port F to Low to turn relay OFF. 


HD6305Y0 





Fig. 2.15 Control Hook Switch 
(iii) Buzz 
If a call is answered Guring automatic retrying, software 


outputs a pulse from bit 6 of port F to generate buzzing. 


+5V 


4.7k& 
2SC458 





Fig. 2.16 Buzz 
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2.2 Control Circuit for Storing and Retrieving Telephone Numbers in External RAM 


a a 
ae are p— 


HD6305Y0 


Storing Tele- 
phone Numbers 


LCD Module 





Fig. 2.17 "Control Circuit for Storing and Retrieving Telephone Numbers in External 
RAM" Part 


(1) Hardware and Operation Description 


(a) The HD6305Y0 controls the HM6264AP external RAM for storing and 


retrieving telephone numbers. 


(b) The HM6264AP is an 8192-word x 8-bit static RAM. 


(2) Microcomputer Applications 
(a) I/O ports of the HD6305Y0 control the HM6264AP. 


(b) The data bus is controlled by port A, lower 8 bits of the address 
bus by port B, and upper 5 bits of the address bus by port E, bits 
Ov4. 


(c) Control pins of the HM6264AP are controlled by port =, bits 57, 
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(3) 


Circuit Diagram 


The interface circuit between the HD6305Y0 and HM6264AP is shown 
in Fig. 2.18. 


E 
HD6 305YO HM6264AP 





Fig. 2.18 Interface Circuit Between the HD6305Y0 and HM6264AP 
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(4) Pin Functions 


Pin functions at the interface between the HD6305Y0 and HM6264AP are shown 
in Table 2.3. 


Table 2.3 Pin Functions at the Interface Between the HD6305Y0O and HM6264AP 





Active 
Level 
Pin Name Input/ (High Program 
(HD6305Y0) Output or Low) Function HM6264AP Label 
Ay ae _ Data lines 1/0, PADTR 
Input / 
ea Output = T/02 
| Input / 
= Output aig T/03 
Input / 
a3 Output = T/O4 
Input / 
a Output — 1/05 
Input / 
“5 Output = 1/06 
Input / 
AG Output ams 1/97 
Input / | 
ed Output = 1/08 
Bo Output - Lower 8 bits of address lines AO PBDTR 
By Output ae Al 
Bo Output oo A2 
B3 Output Zs A3 
By Output > Ag 
Bs Output _ As, 
Be Output ie Ag 
By Output me Az 
EQ Output -_ Upper 5 bits of address lines Ag PEDTR 
Ej Output a Ag 
E9 Output a A10 
E3 Output = Ail 
Eq Output = Ai2 
Es Output Low Output enable signal OE 
Eg Output Low Write enable signal WE 
Ey Output High Chip select CS 


Note: “Active Level" in Table 2.3 indicates the following; 
High: logical 1 
Low : logical 0 
— : logical 1 or logical O 
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(5) Hardware Operation 


Upper 3 bits of port E control CSj, OE, and WE of HM6264AP. The 


interface timing is shown in Fig. 2.19. 


(a) Write 


| | 


| 
| 
| 
| 

Pin name (HM6264AP) " 
i 


Set address Write data 
(b) Read 


| 


Pin name (HM6264AP) 
| | | | ) 
CS2 


Dout 


| [ 
Set address | Read data 


Fig. 2.19 HD6305Y0=HM6264AP Interface Timing 
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(1) 


(2) 


2.3 Driving the Liquid Crystal Display Module (H2572) 


8 xX 8 
Key Matrix 


HD6305Y0 


RAM for 
Storing Tele- 
phone Numbers 


LCD Module 


Fig. D0 "Driving the Liquid Crystal Display Module (H2572)" Part 


Hardware and Operation Description 


(a) Information is displayed on the H2572 LCD module in character mode 
under control of the HD44780 liquid crystal driver controller 
(LCD-II), which in turn is controlled by the HD6305yYO0. 


(b) The H2572 supports 5 x 10 dot characters with cursor on l-row x 40- 


column display. 


(c) After receiving display data from the HD6305Y0 in ASCII code, the 
LCD-II drives the H2572 via the HD44100 liquid crystal drivers, as 


shown in Fig. 2.21. 


Microcomputer Applications 


The HD6305Y0 displays characters on the H2572 by controlling the LCD-II 
data bus (DBo v DB7) and control signals (E, RS and R/W) through ports A 


and B, as shown in Fig. 2.21. 
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(3) Circuit Diagram 


The interface circuit between the HD6305Y0 and LCD-II is shown in 
Pig. 2eZin« 


Y1VY40 Y1LVY40 ¥1iVY40 


HD44100H HD44100H | HD44100H 


B2 


By 
3a {24 


HD6305Y0 +5V 





Fig. 2.21 Interface Circuit Between the HD6305Y0 and LCD-il 
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(4) Pin Functions 


Pin functions at the interface between the HD6305Y0 and LCD-II are shown 
in Table 2.4. 


Table 2.4 Pin Functions at the Interface Between the HD6305Y0O and LCD-II 











Active Pin 
Level Name 
Pin Name Input / (High (LCD- Program 
(HD6305Y0) Output or Low) Function IT) Label 
Fo Output High Enable signal E PBDTR 
Fy Output Low Select instruction register RS 
High select data register 
FQ Output Low Write data R/W 
(Microcomputer — LCD-ITI) 
High Read data 
(Microcomputer <— LCD-IT) 
AO a Data line DB PADTR 
Output ata lines 0 
Aj Input / On 
Output ~ di, 
A> Input / AB 
Output = 2 
A3 Input / ae 
Output = 5 
A Input / 
4 Pp _ DB4 
Output 
As Input / HE 
Output = 5 
Ae Input / ne 
Output os, 6 
Aq Input / 7 DB 
Output 





Note: "Active Level" in Table 2.4 indicates the following; 
High: logical 1 
Low : logical 0 
— : logical 1 or logical 0 
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(5) Hardware Operation 


LCD-II control signals (RS, R/W, E) are controlled by software. 


LCD-II control signal timing is shown in Fig. 2.22. 


The HD6305Y0O utilizes I/O ports rather than buses to control LCD-II 


to eliminate any timing restrictions. 


Pin name (LCD-II) 


RS, R/W 
E 
(HD6305YO0—LCD-T ) 
; (Note 2)|*—(Note 1) 
Ty 
$$ 
DBO ‘VDB7 


(HD6305Y0<—-LCD-T1 ) 


Notes: 1. Data is written to LCTC at the falling edge of E. 


2. Data from LCD-IT can be read during period T}. 


Fig. 2.22 HD6305Y0<—LCD-II Interface Timing 
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2.4 8 x 8 Key Matrix 


ar an 
Key Matrix p— 


HD6305Y0 


RAM for 
Storing Tele- 
phone Numbers 


LCD Module 





Fig. 2.23 "8 x 8 Key Matrix" Part 
(1) Hardware and Operation Description 


(a) The HD6305Y0 executes key scan of an ‘8x8 key matrix. 


(b) Key data is sent to main program to distinguish which key is depressed. 
(In this case, key data is not ASCII code.) 
(c) If two keys are depressed at the same time, data is invalid. 
(2) Microcomputer Applications 


(a) The HD6305Y0 timer 2 interrupt executes an interrupt routine every 


16 ms. 


(b) Key scan is executed by outputting a strobe signal from port C in the 


interrupt routine. 
(c) The interrupt routine cancels key chatter. 


(a) Strobe signal for key scan is controlled by switching input/output 
directions using data direction register (DDR) of port C. In this 
method, ports which output no signals are input ports (high- 
impedance); therefore, a diode for preventing collision between 


input and output signals is unnecessary. 
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(3) Circuit Diagram 


The interface circuit between the HD6305Y0 and 8x8 key matrix is 


shown in Fig. 2.24. 


HD6305Y0 a: 











C7 


Note: Function keys symbols 


C.= Display Charge 
A.C.=Display Accumulated 

Charge 
D.E.T.=Display Elapsed Time 
CET C&T=Set Calendar & 

Time 

CLEAR A.C.=Clear Accumulated 
Charge | 


om 
D. 


Fig. 2.24 Interface Circuit Between the HD6305Y0 and 8x8 Key Matrix 
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(4) Pin Functions 


Pin functions at the interface between the HD6395Y0 and 8x8 key matrix 


are shown in Table 2.5. 


Table 2.5 Pin Functions at the Interface Between the HD6305Y0 and 8x8 Key Matrix 


Active Pin 
Level Name 

Pin Name Input/ (High (Key Program 
(HD6305Y0) Output or Low) Function Matrix) Label 
Co Output Low Output strobe signal for KRO PCDTR 
_ OO -)S—S~S X88 key matrix. —_—_ 

Cy Output Low (Define ports that do not KR1 
ES  OUTp Un Strope tas" input) 

Co Output Low KR2 

C2 Output Low KR3 

Cy Output Low KR4 

C5 Output Low KR5 

Cg Output Low KR6 

C7 Output Low KR7 

Go | Input ae Input key data of 8 x 8 KCO PGDTR 
_— key matrix. ——______—_ 

Gl Input = KC1 

G9 Input = KC2 

G3 Input = KC3 

G4 Input a KC4 

Gs Input _ KC5 

G6 Input = KC6 

G7 Input = KC7 


Note: "Active Level" in Table 2.5 indicates the following; 
High: logical l 
Low : logical 0 
— : logical 1 or logical O 
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(5) Hardware Operation 


Timing chart for preventing chatter is shown in Fig. 2.25. 


Key input 
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Fig. 2.25 Chatter Prevention Timing 
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In chatter prevention program, key input signals are sampled every 


16 ms. If the same key input signal is sampled three times consecutively, 


key input data is established. 


In Fig. 2.25, since data sampled at) VQ) (2) (4) are not the same three 
times consecutively, the program regards them as chatter and ignores them. 
Data sampled at @B).6) , however, are the same and is thus determined as 


valid key input. 


@ HITACHI 
981 











Section 3. Software Description 


This chapter describes the software configuration of the Intelligent Telephone, 
the system model for this APPLICATION NOTE. 


3.1 Transition Diagram 





The transition diagram is shown in Fig. 3.1. 
The symbol{__] indicates pushing a key. For example, simply 
indicates pushing [EXECUTE key. 
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Note: In case of "Clear Accumulated Charge", if [CLEAR A.C.] key is pushed, accumulated charge 


display remains unchanged during this process. 
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3.2 Program Module Configuration 


The programs for the Intelligent Telephone consists of the following three 
functional groups. 


(1) Processing programs controlled by the main program. (Initialize System 
Mode Process » Check Input Data + Error Process). 


(2) Interrupt Programs Controlled by Timer 1. (Count Buzzing Time - Count 
Time for Displaying Information on LCD). 


(3) Interrupt Programs Controlled by Timer 2. (Key Scan + Buzzing - Control 
Dialing Circuit). 
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Control 
Timer l 





Control 
Timer 2 


FIGURE K88SCN 







Count 
Buzzing Time 







Count Time 
for Displaying 
Information on LCD 


Talking 





© HITACHI 
984 


These three functional groups make up a triple hierarohy of program 


modules. 


Fig. 3.2 shows program module configuration and program module 


names (e.g.:Main Program), labels (e.g.:MAINPR), and module numbers 


(e.g.:0), which are used in Program Module Description. 
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3.3 “SOFTWARE DESCRIPTION" Format 
(1) Program module configuration and program module description. 


The program modules are explained in "3.2 Program Module Configuration" and 
"3.4 Program Module Description". This part explains how these two parts are 


described and how the program modules are referred to. 


(a) Program module configuration 


LABEL 


Indicate the 
entry point 


of the program 
MAINPR | weatnle: 
2 LO 
ae MODULE NO. 
Program 


Indicate the 
identification 
number of the 
program module. 


SYSINT MODE MODULE NAME 


Mode 12.0) Indicate the 
Initialize Dec a program 
Eg overee Pee vege 
I~ 


MOD10 MOD20 MOD30 : B 





fyi MOD8O MOD90 MOD100 MOD110 MOD120 MOD130] — 
2-2] 2.2 2-3 | ae 2.5 2.6 2.8) 2.9) [2.29 
Set Charge Set Accwu- Review/ 
somaet | [Stistapsett| | ise unio! | [freteaniesy | fete ee | ae 
Fieg quent Flog Request Meg | sabe Daaling Redialang Retryang Daalang 
a, 
| ew xe at zy * * * * 
ceo see | 


Each program module is described as shown. 
("Enter a Telephone Number" module is used as an example to explain the format. 


(3) Program details 


(a) The internal RAM used in the program is listed in "3.5 RAM Table". 
Some special RAM used as flags are listed in "3.6 Flag Table". 


(b) The subroutines used in the program are listed in "3.7 Subroutine Table". 


(c) Information on the RAM for storing telephone numbers is described in 


"3.8 RAM Memory Map for Storing Telephone Numbers". 


(dq) Port labels used in program routines are listed in "3.9 Ports Label 
Table". | 
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(2) RAM description format 


(a) RAM used by the programs is described in the following format. 


Example : KEYDAT (RAM) ----- Indicates "KEYDAT" is a label in RAM. 


(bo) RAM used as flags is described in the following format. 
Example : (0, FLAG) ------- - Indicates bit position 0 of "FLAG". 


(b) Program module description 


Program modules location 


(Gain rowean J toe Process Depending on program In the case of the 
eee module configuration, third module, the 
, ii csaect cs upper two modules's 
cp ee highest hierarchy a is described 
module, the module's Sees 
on [ENTER] key (first process) and [EXECUTE] key (second process) naar! aeseribed Hierarch of program 
input, enter names and telephone numbers. here; in the owes Of modules are indicated 
(a) In the first process (TRMFLG=0), delete calendar & time and display the second highest to show from where 
cursor to prepare for data input. Searching for empty -space in RAM the rogram module is 
module, the upper 
foe BERAsNS CALeOmonm nimeete te eee eee module's name and its called. 
In the second process (TRMFLG~1), enter name and telephone number in RAM module's name is 
for storing telephone number. After entering, mode flag and other described here. 
RAM used are cleared. 
(2) Arguments (2) 
Contents Storage Location No. of Bytes @ Arguments 
Tone outputting flag (4, WAIT3) (1 bit) Entry=Arguments that must 
Process flag : TRMFLG (RAM) b 1 ded bef 
Name-telephone number LCDM (RAM) e lLoade erore 
Returns LOD display RAM LCDM (RAM) Progeny module 
Cursor position aeeag: execution. 
Search direction flag e om 
laaake lephone. humber (RAM for storing Returns=Arguments that are 
telephone number) stored after 
program module 
(3) Flowchart. execution 


4oD40 GB) Subroutine 
Duri : 
Yes When process is executed 


by using subroutines, 
the flowchart is described 


as below. 


CI] TOROKU | 
Enter name 
As 













Function executed by sub- 
routine 

(Even if more than two 
Subroutine name subroutines are used, 

ae (In some cases, more only one function is 


Clear mod : 
Set search flag ana than two subroutines executed. ) 


RAM used 
flag to find are used.) 


{ and telephone 


FOROKU 
number 
NS 


Crter name 
land telephond 
number 


position 


@) Label in the program 
Indicate the label 
in the program. 
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3.4 Program Module Description 


Each program module in "3.2 Program Module Configuration" is explained in 


this section. All the module's functions are shown in Table 3.1. 


Table 3.1 Program Module Function 









































Module 
Program Module Label No. Function | 
Main Program MAINPR ) Controls the Intelligent Telephone 
Initialize System SYSINT 1.0 Initializes the system 
Mode Process MODE 2.0 Executes the mode process 
Set Charge Display Request MOD10 vie Sets charge display request flag 
Flag 
set Accumulated Charge MOD20 2.2 Sets accumulated charge display 
Display Request Flag request flag 
set Elapsed Time Display MCD 30 Zard Sets elapsed time display EeqUSee 
Request Flag flag 
Enter a Telephone Number MOD40 2.4 Enters names and telephone numbers | 
Review/Modify/Delete a MOD50 260 Reviews/Modifies/Deletes names and 
Telephone Number telephone numbers 
Prepare for Speed Dialing MOD80 2.6 Prepares for speed dialing 
Enter a Speed Dial Number MOD90 251 Enter speed dialing numbers 
Prepare for Redialing MOD 100 2.8 Prepares for redialing 
Prepare for Retrying MOD110 269 Prepares for retrying 
Prepare for Normal Dialing MOD120 2.10 Prepares for normal dialing 
Set Calendar & Time MOD130 Qokd Sets correct calendar & time 
Set Rate for Charge MOD 140 2.12 Sets charge per time 
Clear Accumulated Charge MOD 150 2.13 Clears current accumulated charge 
End MOD160 2.14 Clears mode flag and RAM used 
Check Input Data CHECK 3.0 Checks input data and moves cursor 
Check for Normal Dialing CHEK1 Sak Checks if correct data for normal 
dialing 
Check for Speed Dialing CHEK2 352 Checks if correct data for speed 
dialing 
Check for Entering Speed CHEK3 3.3 Checks if correct data for eneee ane 
Dial Number speed dial 
Check for Storing Telephone CHEK4 3.4 Checks if correct data for Storing 
Numbers telephone numbers 
Check for Setting Calendar CHEK5 345 Checks if correct data for setting 
& Time, Charge calendar & time, charge 
Move Cursor to Left or CURLR » 3.6 Moves cursor to left or right 
Right | 
Move Cursor to 2lst Digit | MVECUR 3.7 Moves cursor to 21st digit 
Error Process ERROR 4.0 Executes error process 
Control Timer 1 TIMER1L T10 Controls timer 1 
Count Buzzing Time BUZC T11.0 Counts buzzing time 
Count Time for Displaying FIGURE T1T12.0 Counts time or charge for LCD 
Information on LCD display 
Control Timer 2 TIMER2 T20. Controls timer 2 
Key Scan K88SCN T21.0 Executes 8x8 key scan 
Buzzing BUZZ T22.0 Outputs buzzing 
Control Dialing Circuit TELMN T23.0 Controls dialing 
While Talking _ TELM1O T23.1 Tests if talking 
While Receiving TELM20 T23.2 Tests if receiving 
' Generate. Tone TEIM 30 T23.3 Performs tone output 





988 


@ HITACHI 


Table 3.1 Program Module Function (cont.) 





Module 

Program Module Label No. Function 

Relay ON TELM40 T23.4 Connects line using relay 

While Retrying TELM50O 123.5 Executes retrying 

Connect Lines TELM60 £1T23.6 Prepares for dialing 
Display on LCD LCD EX1.0 Displays figure on LCD 
Microcomputer — Telephone OUTDAT EX2.0 Moves data from microcomputer to RAM 
Numbers Storing RAM 
Microcomputer <- Telephone INPDAT EX2.1 Moves data from RAM to microcomputer 
Numbers Storing RAM 
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Pa aie ] 
| Main Program | 


(1) Function 


"Main program" controls the major processes of the Intelligent Telephone. 
It first initializes the system, and after enabling timer interrupts, waits 
for key input. If any key is depressed, data is input identifying the key. 
The main program divides this data into mode and character types. If any 
error occurs during mode and character processing, the error flag is set 
and the error process routine is executed. (Relation between the main 


program and key data is described in "Note". ) 
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(2) Flowchart 


MAINPR 


MAINPR 


Program module 
SYSINT 


Initialize 









MAINKS 









Mode or 
Character? 


Character 


Program mode 
CHECK 
Input data 
check 



















Program module 
MODE 


Mode process 





Program module 
ERROR 
Error process 





MAIN4 


Reinitialize 
flag for 
key input 
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Main Program 


ees 


Note: Main program and key data 


The keyboard configuration for this system is shown in Fig. 3.3. The data 
shown above each key identifies which key is depressed. (These are not ASCII.) 
This data, called "key data", is input to the main program which divides them 


into mode and character types for respective processing. 


Character keys 


K JNO 
Cx) 
7} 

N [Nh 
o>) 
+} 
NO 
~ 
ae 
NO 
0 


l 
| 
Data identifying+—» S03] | 
which Key 1s | cs en | 
epr 
| [$05] [50a] [S08] [SOc] [Sob] [Soe] [Sor] [S10] | 
| (Key data) | 4 | tars | 
| S11 S12 $14 $16 S17 | 
1 ou} tM} Ly} Lo} L727) Le} Le] | 
| SIA] Sis) fSic) [sip] ie] GF) faq) | 
! ee} Le] GI | 
| | 
: | 
| S35) 
| (Move to TAB 
| 


as aa | | x 
¢ O -—' WO 


left) right) 
























REVIEW REDIAL RETRY 


o 
Se 
HE EE 
- 
(ee) 
(ee) 


ea 
8 


S3A 


SET ET CLEAR 
C&T 


EXE- 
CUTE 


TE 


These keys Mode keys 
are not used 


in this system. 


Fig. 3.3 Keys 
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Initialize System MODULE NO. LABEL SYSINT 


(1) Function 


"Initialize System" initializes timers, ports, and internal RAM. If 


necessary, it initializes RAM for storing telephone numbers. 


Before initializing RAM for storing telephone numbers, test its check 
data fields so as not to clear stored telephone numbers unnecessarily. 
After checking data, even if only one check data field is invalid, RAM 
is cleared and new check data is entered again for reinifialization. 

If all the check data are valid, data in RAM is determined to be valid 


and RAM is not cleared. 


(2) Arguments 





Contents Storage Location No. of Bytes 





Entry 


Returns 
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arene Seu l 
Initialize System 


Initialize System MODULE NO. . ee | LABEL SYSINT 


(3) Flowchart 


SYSINT 




















Initialize 
timers 


Initialize 
ports 


ARGINT 
END 
Initialize 
internal RAM 





Check data sd dc 


RAMCLR 
Clear RAM 

for storing 
telephone No, 








Valid 
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Main Program 


(1) Function 


processes corresponding to key data. 


the mode flag (Note 1) is defined first. 


"Mode Process" is a driver routine for executing the various mode 


executed depending on this mode flag. 


(2) Arguments 


shown below. 


LABEL 


M 


ode Process 


MODE 


Before branching to a mode, 


A particular mode is 


Common entry and return arguments for all the mode processes are 


explained in each mode's description in detail. 








Particular entry and return arguments for each mode are 


Contents Storage Location No. of Bytes 
Entry Key data KEYDAT (RAM) 1 

Mode flag MODFLG (RAM) if 

Process flag TRMFLG (RAM) 1 
Returns Mode flag MODFLG (RAM) 1 

Process flag TRMFLG (RAM) 1 

Error process request flag (0, ERFLG) (1 bit) 
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Main Program Mode Process 


(3) Flowchart 















Define mode 
flag corre- 
sponding to 


set error 
process 


request 
flag 








Increment 
process 
flag 
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Notes: 1. Key data input to "Mode Process" 


Key data (KEYDAT) is checked as to whether it is the [EXECUTE] key or 


another key. 


flag (MODFLG) 


If another key is input, key data is changed to mode 
(If the key, refer to the next page). Jump to 


the corresponding module is executed depending on this mode flag. 


The mode flag and corresponding modules are shown in Table 3.2. 


Table 3.2 Mode Flag and Corresponding Modules of "Mode Process" 


Key data 
(KEYDAT) 


$2E 
$2F 


$30 
$31 
$32 
$33 
$34 
$35 
$36 
$37 
$38 
$39 
$3A 
$3B 
$3C 
$3D 


Mode flag Module 


(MODFLG) Label 
$1 MOD10 
$2 MOD20 
$3 MOD 30 
$4 MOD40 
$5 MOD50 
$6 MOD50 


a [Gain woDs0 


Function 
Set charge display request flag 


Set accumulated charge display request 
flag 


Set elapsed time display request flag 
Enter a telephone number 


Review/Modify/Delete a telephone 
number 


$8 MOD80 Prepare for speed dialing 

$9 MOD90 Enter a speed dial number 

$A MOD100 Prepare for redialing 

$B MOD110 Prepare for retrying 

$C MOD120 Prepare for normal dialing 

$D MOD130 Set calendar & time 

$E MOD140 Set rate for charge | 

$F MOD150 Clear accumulated charge 

$10 MOD160 End _ 
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2. How to process |EXECUTE| key input: 





Mode Process 


For example, when entering a telephone number, the following procedure 


is performed as below. 


Push key——-> Input name and ————»Push | EXECUTE | key 
telephone number 


This procedure corresponds to "First" and "Second" processes performed 


by the module corresponding to the defined mode flag. 


Push |ENTER| key ——elnput name and -———»Push |EXECUTE| key 


telephone number 


First process Second process 
(Processed by 
"Check input data" 


Define mode Increment 

flag and ae process flag and 
jump to MOD4O0 jump to MOD40 
for controlling for processing 
LCD input and input name and 
display. telephone number. 


The key may never be depressed at the beginning of a module. 


If it is depressed, the program processes it as an error.) 


o When a mode flag except for the | EXECUTE] key is depressed, the 


program regards it as "First process". 


o When the | EXECUTE] key is depressed, the program regards it as 


"Second process". 
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ie Set Charge Display Request Flag MODULE NO. LABEL MOD10 


(1) Function 


On |DISPLAY CHARGE] key input, clear calendar & time display request flag 


and set charge display request flag to display charge as counted by timer 1. 


(2) Arguments 





Storage Location No. of Bytes 





Contents 
Entry 
Returns Calender & time display request (1, FLAG) (1 bit) 
flag 
(7, FLAG) (1 bit) 


Charge display request flag 





(3) Flowchart 


Clear calendar 
& time display 
request flag 


Set charge 
display 
request 
flag 
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Set Accumulated Charge Display MODULE NO 2.2 LABEL MOD20 
Request Flag. : ‘ 


(1) Function 


On | DISPLAY ACCUMULATED CHARGE| key input, clear calendar & time display 


request flag and set accumulated charge display request flag to display 


accumulated charge as counted by timer l. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry 
Returns Calender & time display request (1, FLAG) (1 bit) 

flag 

Accumulated charge display (6, FLAG) (1 bit) 


request flag 





(3) Flowchart 


MOD20 


MOD20 









Clear calendar 
& time display 
request flag 


Set accumulated 
charge display 
request flag 
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Se a ce Time Display Request MODULE NO. | 28 LABEL MOD30 


(1) Function 


On | DISPLAY ELAPSED TIME] key input, clear calendar & time display 
request flag and set elapsed time display request flag to display elapsed 


time as counted by timer l. 


(2) Arguments 





Contents Storage Location No. of Bytes 
Entry 
Returns Calender & time display request (1, FLAG) (1 bit) 

flag 

Elapsed time display request (3, FLAG) (1 bit) 

flag 


(3) Flowchart 


MOD30 










Clear calendar 
& time display 
request flag 





Set elapsed 
time display 
request flag 
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Enter a Telephone Number MODULE NO. LABEL MOD40 


(1) Function 


On [ENTER] key (first process) and |[EXECUTE|key (second process) 


input, enter names and telephone numbers. 


(a) In the first process (TRMFLG=0), delete calendar & time and display 
cursor to prepare for data input. Searching for empty space in RAM 


for storing telephone numbers is also performed. 


(b) In the second process (TRMFLG=1), enter name and telephone number in 


RAM for storing telephone number. After entering, mode flag and other 


RAM used are cleared. 


(2) Arguments 








. Contents | Storage Location No. of Bytes 
TATTLE EET SSS TS Ssh yore nupaeapsenantepemnemenaenagaaemnaes 
Entry Tone outputting flag (4, WAIT3) (1 bit) 

Process flag TRMFLG (RAM) 1 
Name-telephone number LCDM (RAM) 40 
Returns LCD display RAM LCDM (RAM) 40 
Cursor position CURADP :(RAM) 1 
Search direction flag (2, FLAG) (1 bit) 
Name-telephone number (RAM for storing 29 


telephone number) 


LT TT TS TTT TT AS a TTP a STDS PSG SP ASST ON TTS SOS he rl RSG FeO i PSST SOAS 
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Enter a Telephone Number MODULE NO. 2.4 LABEL 


(3) Flowchart 












First No 


process? 












Second No 


process? 





LCDMCR 
LCD 


Clear LCD 
display 











TOROKU 
Enter name 

and telephon 
number 






Define 
cursor 
position 

















END 


ee 


Clear mode 
flag and 


RAM used 













Set search 
direction 
flag to find 
empty space 










KENSAK 
LCDMCR 


Find empty 
space 
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Loe ae] 
- : 
R D 
| ee Sone tener | MODULE NO. LABEL MOD50 


(1) Function 


On JENTER| /|MODIFY|/|DELETE|key input, review/modify/delete a telephone 


number previously entered and stored in RAM. To modify or delete a 
telephone number, the desired data must first be reviewed, after which 


the previously specified process is executed. 


(a) In the first process (TRMFLG=0), clear the display and define cursor 


position. 


(ob) In the second process (TRMFLG=1), display the first telephone number 


to be reviewed. 


(c) In the third process (TRMFLG=2), corresponding to[—> ]key or [<—]key 
input, locate the desired data. In this process, key is 
not depressed, however sub-processes for reviewing data are instead 
determined by the "Input Data Check" routine. Reviewing of data is 


continued until the desired data is found. 


(dq) In the fourth process (TRMFLG=3), determine whether reviewing is 


completed, or modifying or deleting data. 


(i) Review .... In the fourth process (TRMFLG=3), complete reviewing 


and clear mode flag, process flag, and RAM used. 


(ii) Modify .... In the fourth process (TRMFLG=3), display data to be 
modified and enable cursor movement. In the fifth process 
(TRMFLG=4), store modified telephone number in RAM for 
storing telephone number and clear mode flag, process flag, 


and RAM used. 


(iii) Delete .... In the fourth process (TRMFLG=3), delete desired 


data and clear mode flag, process flag, and RAM used. 
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Main Program 


Mode Process 











Review/Modify/Delete a Telephone | mops0 
(2) Arguments 
Contents Storage Location No. of Bytes 
Entry Tone outputting flag (4, WAIT3) (1 bit) 
Process flag TRMFLG (RAM) 1 
Reviewing data LCDM (RAM) 40 
Key data KEYDAT (RAM) 1 
Modified data LCDM (RAM) }; 
Returns LCD display RAM LCDM (RAM) 40 
Cursor position CURADP (RAM) 1 
LCD display pointer LCDMP (RAM) 1 
Cursor movement (7, BZRFLG) (1 bit) 
disable/enable flag 
Search direction flag (2, FLAG) (1 bit) 
Modified/deleted data (RAM for storing 29 


telephone number) 









(3) Flowchart 






First 
process? 


LCDMCR 
CLEAR 


Clear LCD 
display 


Second 
process? 
Yes 


Disable 
cursor 
movement 






















Define 
cursor 
position 










Set research 
in forward 
direction flag 


MOVE] 
Store 

reviewing 
data 



















Set research 
in forward 
direction flag 

















KENSAK 
Review 
data 





Set pointer 
on the start 

address of the 
next data 















Display 
cursor on 
lst digit 
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Set research 
in reverse 
direction flag 


Set pointer 
On the start 

address of the 
previous data 
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tain Progr 

iN | 
Review/Modify/Delete a Telephone MODULE NO 2.5 LABEL MOD50 
Number . 4 


MOD6 


No © 
No 


END 
Clear mode 
flag and 
RAM used 
















Fourth 
process? 


No 





Fifth 
process? 


No 









LCD 
Display data 
to be modified 









Fourth 
process? 
TOROKU 
| Enter 

modified 
data 



















Set cursor 
movement 
enable flag 





















END 
Clear mode 
flag and 
RAM used 


desireddata 










END 
Clear mode 
flag and 
RAM used 


MOD7F 


RTS 
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Prepare for Speed Dialing MODULE NO. LABEL MOD80 


(1) Function 
(Note ) 


On |SPEED DIAL] key (first process) and |SPEED DIAL CODE] (second process) 


input, load telephone number corresponding to desired speed dial 
number from RAM for storing telephone number. Actual tone output, 


however, is executed by timer 2. 


Note: In this case, |EXECUTE| key is not depressed, however sub-processes 
for reviewing data are instead determined by the "Input Data 


Check" routine. 


(a) In the first process (TRMFLG=0), clear display and display "NO.? ". 


(b) In the second process (TRMFLG=1), display telephone number 
corresponding to desired sneed dial code and set tone output 


request flag. 


(2) Arguments 








Contents Storage Location No. of Bytes 
a a a an ae ee ete, 
Entry Tone outputting flag (4, WAIT3) (1 bit) 

Process flag TRMFLG (RAM) | al, 

Speed dial code LCDM (RAM) 40 
Returns Telephone number corresponding LCDM (RAM) 40 

to desired speed dial code 

Cursor position CURADP (RAM) 1 

LCD display pointer LCDMP (RAM) ak 

Tone output request flag (1, BZR) (1 bit) 

Tone outputting flag (4, WAIT3) (1 bit) 
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ee eee a) We eee a ay re 
| Main Program 4 Mode Process | 
. Prepare for Speed Dialing MODULE NO. 2.6 . LABEL MOD80 


(3) Flowchart 





No 








process? 





— Second No 


process? 










LCDMCR 
LCD 


‘Clear LCD 
display 













set ASCII 
to display 










Review tele- 
phone number 
corresponding 
todesired speed 
dial code 


















Define 
cursor 
position 






set tone 
output 
request 
flag 












set tone 
outputting 
flag 






MOD85 


RTS 
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Enter a Speed Dial Number MODULE NO. 227 LABEL MOD90 


(1) Function 


On |ENTER SPEED DIAL| key (first process) and |EXECUTE| key (second and 


third process) input, enter speed dial to RAM for storing telephone 


number. 


(a) In the first process (TRMFLG=0), clear calendar & time and 


display cursor. 


(ob) In the second process (TRMFLG=1), display speed dial code and 


display cursor for telephone number input. 


(c) In the third process (TRMFLG=2), enter speed dial code and 


corresponding telephone number. Then clear mode flag, process flag 


and RAM used. 


(2) Arguments 





Contents storage Location No. of Bytes 
ee 
Entry Tone outputting flag (4, WAL'I'S) (L bit) 

Process flag TRMFLG (RAM) 1 

Speed dial code * telephone LCDM (RAM) 40 

number 
a a a oe 
Returns LCD display RAM LCDM (RAM) 40 

Cursor position CURADP (RAM) 1 

LCD display pointer LCDMP (RAM) 1 

Telephone number (RAM for storing 9 


telephone number) 
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Enter a Speed Dial Number MODULE NO. . 2.7 LABEL MOD90 


(3) Flowchart 


MOD90 
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process? 
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process? 
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display 
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END 
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MOD94 


RTS 
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Main Program Mode Process 


Prepare for Redialing MODULE NO. LABEL MOD100 


(1) Function 


On |/REDIAL|key input, load the telephone number, previously output, from 


RAM for redialing. Actual tone output, however, is executed by timer 2. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Tone outputting flag (4, WAIT3) (1 bit) 
Telephone number previously MEMO (RAM) Zi. 
output 
Returns Telephone number for redialing LCDM (RAM) 40 
Tone output request flag (1, BZR) (1 bit) 
Tone outputting flag (4, WAIT3) (1 bit) 


eee eeneeennnneaenenemmnnmnnanemmmmanaaee 
f 
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Prepare for Redialing MODULE NO. 


(3) Flowchart 


MOD1OO 










During 


M4 
tone output? == 





No 








LCDMCR 
LCD 


Clear LCD 
display 










LCD | 
Display tele- 
phone number 

for redialing 






Set tone 
outputting 
flag 





MOD103 


RTS 
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260 


LABEL MOD1OO 


Main Program Mode Process 


Prepare for Retrying MODULE NO. LABEL MOD110 


(1) Function 


On | RETRY| key input, load the telephone number, previously output, from 


RAM for retrying. Actual tone output, however, is executed by timer 2. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Tone outputting flag (4, WAIT3) (1 bit) 
Telephone number previously MEMO (RAM) 21 
output 
Returns Telephone number for retrying LCDM (RAM) 40 
Retry output request flag (0, BZRFLG) (1 bit) 





(3) Flowchart 









MOD110 


MOD110 
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LCD 
Clear LCD 
display 
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Display tele- 
phone number 
for retrying 








Set retry 
output | 
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Prepare for Normal Dialing MODULE NO. 2.10 LABEL MOD120 


(1) Function 


On key input, prepare for normal dialing. 


Actual tone output, however, is executed by timer 2. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Tone outputting flag (4, WAIT3) (1 bit) 
Returns LCD display RAM LCDM (RAM) 40 

Cursor OFF CURADP (RAM) dl 

RAM for redialing MEMO (RAM) 21 

Tone output request flag (1, BZR) (1 bit) 









(3) Flowchart MOD120 


MOD120 








tone 
output? 





LCDMCR 
LCD 


Clear LCD 
display 


Cursor OFF 


MEMCLR 
Clear RAM 
for 

redialing 



















MOD121 
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Mode Process 


Set Calendar & Time MODULE NO. 2.11 LABEL MOD130 


(1) Function 


On| SET CALENDAR & TIME} key (first process) and |EXECUTE}key (second 


process) input, set calendar & time. 


Main Program 


(a) In the first process (TRMFLG=0), clear calendar & time display 


request flag and display the current calendar & time. 


(bo) In the second process (TRMFLG=1), determine whether or not the 
modified data is correct. If data is correct, set modified calendar 
& time and clear mode flag, process flag, and RAM used. If 


incorrect, wait for modified data input again. 


(2) Arguments 














Contents Storage Location No. of Bytes 
Entry Tone outputting flag (4, WAITS) (1 bit) 

Process flag TRMFLG (RAM) 1 

Modified calendar & time LCDM (RAM) 40 
Returns Calendar & time display (1, FLAG) (1 bit) 

request flag 

Calendar & time to be LCDM (RAM) 40 

modified 

Calendar & time modified CALNDR (RAM) 5 

and determined to be 

correct 
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set Calendar & Time MODULE NO. 2.11 LABEL MOD1 30 


(3) Flowchart 
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Note: Determine whether or not modified data is correct format as calendar 
& time. For example, 30:65:01 is not correct format for time. 
If data is correct, set modified calendar & time. If incorrect, store 


"O" in TRMFLG (RAM). 
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Set Rate for Charge MODULE NO. LABEL MOD140 


(1) Function 


On |SET CHARGE] key (first process) and] EXECUTE|key (second process) 


input, set charge per unit time. 


(a) In the first process (TRMFLG=0), clear calendar & time display 


request flag and display the current charge per unit time. 


(b) In the second process (TRMFLG=1), determine whether or not the 
modified data is correct. If data is correct, set modified charge 
per unit time and clear mode flag, process flag, and RAM used. If 


incorrect, wait for modified data input again. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Process flag TRMFLG (RAM) 1 

Modified charge per time LCDM (RAM) 40 
Returns Calendar & time display (1, FLAG) (1 bit) 

' request flag 

Charge per time to be LCDM (RAM) 40 

modified 

Charge per time modified ADDRAT (RAM) 4 

and determined to be SEC (RAM) 2 

correct 
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Set Rate for Charge MODULE NO. 2.12 LABEL MOD140 


(3) Flowchart 
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Clear Accumulated Charge MODULE NO. 2e3 LABEL MOD150 


(1) Function 


On | CLEAR ACCUMULATED CHARGE |key input, clear the current accumulated 


charge. 


(2) Arguments 


Contents Storage Location No. of Bytes 





Entry 


Returns Accumulated charge TOTAL (RAM) 4 


(3) Flowchart 


MOD150 





MOD150 


Store $00 in 
RAM for accumu- 
lated charge 

to clear 
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End MODULE NO. | 2.14 LABEL MOD160 


(1) Function 


On key input, clear mode flag and the internal RAM used in Mode 


Process. 


(2) Arguments 





Contents Storage Location No. of Bytes 





Entry 


Returns RAM used in Mode Process The internal RAM 


(3) Flowchart 


MOD160 





MOD160 


END 
Clear RAM 
used in Mode 
process 
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ge 
Main Program Check Input Data 
Check Input Data MODULE NO. LABEL CHECK 


(1) Function 


"Check Input Data" determines whether key data is character or cursor 
movement at the beginning. In the case of characters, a check process 
is executed corresponding to the previously defined mode flag. In the 
case of cursor movement, a move process is executed corresponding to the 


key data (Refer to "Note"). 


(2) Arguments 


Common entry and return arguments for all the check input data processes 
are shown below. Particular entry and return arguments for each checking 


data are explained in each checking data's description in detail. 





Contents Storage Location No. of Bytes 
Entry Key data KEYDAT (RAM) 1 

Mode flag MODFLG (RAM) A 

Calendar & time display (1, FLAG) (1 bit) 


request flag 


Returns ASCII code KEYSET (RAM) MF 
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Check Input Data MODULE NO. 3.0 LABEL CHECK 


(3) Flowchart 
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Note: Key data input to "Check Input Data" 


Key data is checked as to whether it represents characters or 
cursor movement. After checking, the corresponding process is 


executed. 


(i) Character 


Key data (KEYDAT) is converted to ASCII character codes, 
after which a particular module is called depending on the 
mode flag (MODFLG). Mode flag and corresponding modules 


are shown in Table 3.3. 
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Main Program Check Input Data 
Check Input Data MODULE NO. 3.0 LABEL CHECK 


Table 3.3 Mode Flag and Corresponding Modules of "Check Input Data" 





Mode flag Module 
(MODFLG) Label Function 
$0, $12 CHEK1 For normal dialing; valid data 
(OV9, *, #) 
$8 CHEK2 For speed dialing; valid data 
(OV9) 
$9 CHEK3 For entering speed dial; valid data 
(@: 019, @: 0°9, x, #) 
$4,$5, $6, $7 CHEK4 For storing telephone number; 
valid data ( : all 
: OVO, x«, #) 
$D,$E CHEKS5 For setting calendar & time, charge; 


valid data (0%9) 








(ii) Cursor 


A particular module is called depending on key data stored in 


KEYDAT. Key data and corresponding modules is shown in Table 3.4. 


; 


Table 3.4 Key Data and Corresponding Modules 





Key data Module 








(KEYDAT) Label Function 

$29 ; 
CURLR Move cursor to left or right 

$2B MVECUR Move cursor to 21st digit 
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SS ea 
| Main Program [4 Check Input Data | 
Check for Normal Dialing MODULE NO. LABEL CHEK1 


(1) Function 
For normal dialing, valid data is (0 v 9, x, #). 


(a) Valid data is stored in DIALNO (RAM) up until the 20th digit. 
From the 2lst digit, it is stored in DIADAT (RAM). 


(b) Valid data is displayed on LCD up until the 38th digit. 


(c) If invalid data is input, set error process request flag. 


(2) Arguments 








Contents Storage Location No. of Bytes 
f 

Entry Key data KEKEYSET (RAM) ti 

Tone output setting flag (5, WAIT3) (1 bit) 

Display on 38th digit flag (4, WAITS) (1 bit) 

Tone after 21st digit flag (3, WAITS) (L- bit) 

Tone on 21st digit LCDMP (RAM) 1 

Pointer for buffer | | DIAP1 (RAM) 1 
Returns Valid data (until 20th digit) DIALNO (RAM) 21 

Valid data (after 2lst digit) DIADAT (RAM) 5 

RAM for redialing MEMO (RAM) 2: 

Tone output request flag (1, RBZR) (1 bit) 

Tone outputting flag (4, WAIT3) (1 bit) 

Tone output setting flag (5, WAIT3) (1 bit) 

LCD display RAM i LCDM (RAM) 40 

Pointer for buffer DIAP1 (RAM) 1 

LCD display pointer | LCDMP (RAM) 1 

Cursor OFF CURADP (RAM) 1 

LCD Gisplay after 38th digit flag (4, WAITS) (1 bit) 

Error process request flag (0, ERFLG) OC) eit) 

© HITACHI 


1024 


Main Program 


Check for Normal Dialing MODULE NO. Bex LABEL 


(3) Flowchart 
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neem: Te 
| Main Program | check Input Data | 
Check for Normal Dialing MODULE NO. ea 
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LABEL 





for buffer 





CHEK1 


Main Program Check Input Data 
Check for Speed Dialing MODULE NO. Sue. = LABEL CHEK2 


(1) Function 


For speed dialing, valid data is (09). 


(a) Valid data is stored in LCDM (RAM) and displayed on the 10th digit. 


(b) If invalid data is input, set error process request flag. 


(2) Arguments 





Contents Storage Location No. of Bytes 
Entry Key data KEYSET (RAM) 1 

Process flag TRMFLG (RAM) 1 
Returns Cursor position CURADP (RAM) l 

LCD display pointer LCDMP (RAM) 1 

Valid data LCDM (RAM) 40 

Tone output request flag (1, BZR) (1 bit) 

Error process request flag (0, ERFLG) (1 bit) 
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| Check for Speed Dialing MODULE NO. S22 LABEL CHEK2 


(3) Flowchart 
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Check for Entering Speed Dial 
Nanhee go P MODULE NO. LABEL CHEK3 


(1) Function 


For entering speed dial number, valid data is (in the first 


process : 019; in the second process : 0.9, *, #). 


(a) Valid data is stored in LCDM (RAM) and displayed. 
(In the first process, valid data is displayed on the 10th 
digit. In the second process, valid data is displayed on 


21V38th digit.) 


(b) If invalid data is input, set error process request flag. 


(2) Arguments 





Contents Storage Location No. of Bytes 
Entry Key data KEYSET (RAM) be 

Process flag TRMFLG (RAM) 1 

LCD display pointer LCDMP (RAM) 1 

Cursor position CURADP (RAM) 1 
Returns Valid data LCDM (RAM) 40 

Cursor position CURADP (RAM) 1 

LCD display pointer LCDMP (RAM) i 

Error process request flag (0, ERFLG) (1 bit) 
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Check for Entering Speed Dial MODULE NO. 3.3 LABEL CHEK 3 
Number 


(3) Flowchart 
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Check for Storing Telephone Numbers 


(1) Function 


Main Program Check Input Data 


MODULE NO. 3.4 LABEL CHEK4 ~ 


For storing telephone numbers, valid data is (1V20th digit : all 


key; 2138th digit : 0V9, x, #). 


(a) Valid data is stored in LCDM (RAM) and displayed. 


(b) If invalid data is input, set error process request flag. 


(2) Arguments 


meen are ataem enna eee enema mannan 








Contents Storage Location No. of Bytes 
Entry Key data KEYSET (RAM) 1 
LCD display pointer LCDMP (RAM) 1 
Mode flag MODFLG (RAM) Ht 
: 
Returns Valid data LCDM (RAM) | 40 
LCD display pointer LCDMP (RAM) 1 
Cursor position CURADP (RAM) eB: 
Error process request flag (0, ERFLG) (1 bit) 
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Check for Storing Telephone Numbers| MODULE NO. 3.4 LABEL  CHEK4 


(3) Flowchart 
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Main Program Check Input Data 


Cce setting Calendar & Time, MODULE NO. 3.5 LABEL CHEKS5 


(1) Function 


For setting calendar & time or charge, valid data is (09). 


(a) Valid data is stored in LCDM (RAM) and displayed. 


(b) If invalid data is input, set error process request flag. 


(2) Arguments 














Contents | Storage Location No. of Bytes 
Entry Key data KEYSET (RAM) 1 

Process flag TRMFLG (RAM) 1 

Mode flag MODFLG (RAM) 1 
Returns LCD display pointer LCDMP (RAM) 1 

Cursor position CURADP (RAM) HE 

Valid data LCDM (RAM) 40 

Error process request flag — (0, ERFLG) (1 bit) 

@ HITACHI 


1033 








Check for Setting Calendar & Time 


(3) Flowchart 
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CURRAT 


LCD. 
Display 
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with cursor 
for charge 
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LABEL CHEK5 | 
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Move Cursor to Left or Right MODULE NO. LABEL | CURLR | 


(1) Function 


Moves cursor to left or right. If cursor movement disable flag is set, 
review the next or previous data. While setting calendar & time or 


charge, cursor cannot be moved to unnecessary area. 


(2) Arguments 





Contents Storage Location No. of Bytes 
ea ee ee 
Entry Key data KEYDAT (RAM) cl 

Calendar & time display (1, FLAG) (1 bit) . 

request flag 

Cursor movement disable flag (7, BZRFLG) (1 bit) 

Mode flag MODFLG (RAM) 1 

Process flag TRMFLG (RAM) 1 

Tone outputting flag (4, WAITS) (1 bit) 

LCD display pointer LCDMP (RAM) 1 

Cursor position CURADP (RAM) 1 
Returns Reviewing data LCDM (RAM) 40 

LCD display pointer LCDMP (RAM) 1 

Cursor position CURADP (RAM) 1 
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(3) Flowchart 
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MODULE NO. 3.6 LABEL CURLR 
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Move cursor to 21st Digit MODULE NO. 3.7 LABEL MVECUR 


(1) Function 


Moves cursor to 21st digit. 


(2) Arguments 


a a enemas 





Contents Storage Location No. of Bytes 
Entry Tone outputting flag (4, WAITS) (1 bit) 
Returns LCD Aisplay pointer LCDMP (RAM) ds 

Cursor position CURADP (RAM) , 


campervan mn enn gc gc A STS SS SD 


(3) Flowchart 
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Mee eae pe eC eee ge eee 
| Main Program [F Error Process 


(1) Function 


"Error Process" performs error processing corresponding to error process 
request flag. The actual generating of the buzzer, however, is executed by 
timer 2. Counting for "ERROR" or "FULL" display time is executed by timer 


l. Details of the error process request flag are shown in Table 3.5. 


Table 3.5 Error Process Request Flag 





ERFLG (RAM) 

Bit 

2 1 0 Function | 
0 0 0 No error 

0 0 a Generate buzzing 

0 1 1 Generate buzzing and display "ERROR" | 

1 0 1 Generate buzzing and display "FULL" 





(2) Arguments 


a NN a ara ae ete meaner anand 





Contents Storage Location No. of Bytes 
a 
Entry Error process request flag ERFLG (RAM) 1 

Buzzer output time BZRCNT (RAM) 2 

Error message display time ERR1 (RAM), 2 

ERR2 (RAM) 
Returns Error process complete flag ERFLG (RAM) 1 
i a es ee 
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(3) Flowchart 
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Control Timer i 


Control Timer 1 MODULE NO. T10 | LABEL TIMER1 


(1) Function 


"Control Timer 1" controls counting buzzing time and displaying 


information on LCD. 


(2) Arguments 
There are no common entry and return arguments for controlling timer l. 


Particular entry and return arguments for each module are explained in 


each module's description in detail. 


PE ne I ee ennmnnemel 


Contents Storage Location No. of Bytes 





Entry 





Returns 





(3) Flowchart 
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Count Buzzing Time MODULE NO. T11.0 LABEL 


(1) Function 


Control Timer 1 Count Buzzing 
Time 
BUZC 


Counts displaying error message time and buzzing time. 


(2) Arguments 





Storage Location 


No. of Bytes 








Contents 
Entry Buzzing output request flag (3, BZRFLG) (1 bit) 
Counter of buzzing time BZRCNT (RAM) 2 
Counter of displaying error ERR1 (RAM), 2 
time ERR2 (RAM) 
Error display request flag (7, WAITS) (1 bit) 
Returns Buzzing output complete flag (3, BZRFLG) (1 bit) 
Counter of buzzing time BZRCNT (RAM) 2 
Counter of displaying error ERR1 (RAM), 2 
time --  ERR2 (RAM) : 
Calendar & time display (1, FLAG) (1 bit) 
request flag 
Error Gisplay complete flag (7, WAITS) (1 bit) 


eer race nnn PTS SS SUAS ASE EE SD SS PSS SS ST ES AS 
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ss Count Buzzing Time © MODULE NO. | T11.0 | LABEL BUZC 


(3) Flowchart _ 
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Control Timer 1 


Count Time for Displaying 
Information on LCD 


FIGURE 


T12.0 LABEL 


Count Time for Displaying 
Information on LCD MODULE NO. 


(1) Function 


Counts calendar & time, elapsed time, charge, and accumulated charge. 


Displaying information on LCD is selected by flags. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry l~second counter TCNTR (RAM) 1 
Handset up flag (0, TELFLG) (1 bit) 
While talking flag (1, TELFLG) (1 bit) 
Calendar & time display request (1, FLAG) (1 bit) 
flag 
Charge display request flag (7, FLAG) (1 bit) 
Accumulated charge display (6, FLAG) (1 bit) 
request flag 
Elapsed time display request (3, FLAG) (1 bit) 
flag 
Calendar & time counter CALNDR (RAM) 5 
Elapsed time counter TEL (RAM) 3 
Charge counter SINGL (RAM) 4 
Accumulated charge counter TOTAL (RAM) 4 
Returns l-second counter TCNTR (RAM) 1 
Calendar & time counter CALNDR (RAM) 5 
Elapsed time counter TEL (RAM) 2 
Charge per time counter SECCNT (RAM) 2 
Charge counter SINGL (RAM) 4 
Accumulated charge counter TOTAL (RAM) 4 
LCD display RAM LCDM (RAM) 40 
Cursor OFF CURADP (RAM) 1 


HITACHI 








nce gre net aren 
Count Time for Displaying 
‘Information on LCD 





Control Timer iL 





Count Time for Displaying MODULE NO. T12.0 LABEL FIGURE 
Information on LCD | 


(3) Flowchart 
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Control Timer 2 
Control Timer 2 MODULE NO. T20 LABEL TIMER2 


(lL) Function 


"Control Timer 2" controls key scan, buzzer output, and controlling 


dialing circuit. 


(2) Arguments 


There are no common entry and return arguments for controlling timer 2. 
Particular entry and return arguments for each module are explained in 


each module's description in detail. 





Contents Storage Location No. of Bytes 





Entry 





Returns 





(3) Flowchart 
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| Control Timer 2 {4 Key Scan | 


(1) Function 


Executes key scan of 8x8 key matrix. After processed chatter prevention 
routine, valid data is stored in KEYDAT (RAM) and flag is set indicating 


key data is contained. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry 
Returns Key data (Note ) KEYDAT (RAM) 2 | 

Key data/no key data (0, FLAG) (1 bit) 
Note: 


(0, FLAG) = 0 : No key data is contained 
(0, FLAG) = 1 : Key data is contained 
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(3) Flowchart 
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(1) Function 


Output High and Low to port F, bit 6 by the same cycle of timer 2, 


if buzzer output request flag is set. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Buzzer output request flag (3, BZRFLG) (1 bit) 

High-Low output request flag (O, BZR) (1 bit) 
Returns High-Low output request flag (0, BZR) (1 bit) 





(3) Flowchart 
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Control Timer 2 Control Dialing 
Circuit 
Control Dialing Circuit MODULE NO. 123.0 LABEL A 


(1) Function 


"Control Dialing Circuit" controls six routine (While Talking, while 
Receiving, Generate Tone, Relay ON, while Retrying, and Connect Lines) 
as shown in (3) Flowchart. Each routine has its flag to indicate 
dialing circuit status. Flag is checked at the beginning of this 


routine and each module is executed depending on the flag. 


(2) Arguments 


Common entry and return arguments for controlling dialing circuit are 
shown below. Particular entry and return arguments for each module are 


explained in each modules description in detail. 


re aaa meneame mie nnn enero einen 





Contents Storage Location No. of Bytes 
Entry Talking flag (1, TELFLG) (1 bit) 

Receiving flag (1, PDDTR) (1 bit) 

Tone output flag (2, BZR) (1 bit) 

Tone output request flag (1, BZR) (1 bit) 

Retrying flag (0, BZRFLG) (1 bit) 

Handset up? (2, PDDTR) (3, PDDTR) (2 bits) 
Returns 
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Control Dialing Circuit | MODULE NO. T23.0 LABEL | TELMN 
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(3) Flowchart 
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Control Timer 2 Control Dialing 
Circuit 
While Talking MODULE NO. 123.1 CAGE: er 


(1) Function 


Tests if conversation is continuing. If handset is down, clear talking 


flag and set calendar & time display request flag. 


(2) Arguments 











Contents Storage Location No. of Bytes 
Entry Handset up? (2,PDDTR) (3,PDDTR) (2 bits) 

Port E status (0, WAIT3) (1 bit) 

Contents of port E before tone MEMOP (RAM) a 

output 
Returns Calendar & time display request (1, FLAG) (1 bit) 

flag 

Port E PEDTR 1 

Port E status (O, WAIT3) (1 bit) 
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Control Timer 2 





Control Dialing | 
Circuit 


(3) Flowchart 
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; Control Dialing 
While Receiving MODULE NO. T23.2 LABEL TELM20 


(1) Function 


Tests whether or not handset is up. If handset is up, set talking 


flag. If called, whether handset is up or not, retrying is canceled. 


(2) Arguments 


emma 








Contents Storage Location No. of Bytes 
Entry Retrying flag (0, BZRFLG) © (1 bit) 
Handset up? (2,PDDTR) (3,PDDTR) (2 bits) 
Returns Talking flag (1, TELFLG) (1 bit) 
Retrying flag (0, BZRFLG) (1 bit) 
Cursor OFF CURADP (RAM) 1 





(3) Flowchart 








TELM20 


TELM20 


CANCEL 
Cancel 
retrying 











Handset up? 





set 
talking 
flag 


Cursor 
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| Control Timer 2 Control Dialing 
| Circuit . 


(1) Function 


Generates tone for normal dialing, speed dialing, redialing, retrying. 


Dialing number for output is stored in DIALNO (RAM) until 20th digit. 


From 21st digit, number is stored in DIADAT (RAM). 


When tone output is finished, test when conversation begins. If 


conversation begins, set talking flag. 


(2) Arguments 











Contents Storage Location No. of Bytes 
Entry Process flag TELWAT (RAM) i 
Tone output until 20th digit flag (5, WAITS) (1 bit) 
Tone output after 2lst digit flag (5, WAITS) (1 bit) 
Telephone number (until 20th DIALNO (RAM) 20 
digit) ) 
Telephone number (from 21st DIADAT (RAM) 5 
digit) 
| Pointer of telephone number TELNO (RAM) 1 
(until 20th digit) 
Pointer of telephone number DIAP2 (RAM) 0 
(from 2lst digit) 
Retrying flag (0, BZRFLG) (1 bit) 
Handset up? (6,TELFLG) (7,TELFLG) (2 bits) 
Next data existance flag (3, WAIT3) (1 bit) 
Contents of port E before tone PEDTR 1 
output 
Call is answered? (2,PDDTR) (3,PDDTR) (2 bits) 
Returns Process flag -TELWAT (RAM) 1 
Tone output data MFDAT (RAM) 1 
Talking flag (1, TELFLG) (1 bit) 
Handset up flag (0, TELFLG) (1 bit) 
Contents of port E MEMOP (RAM) 1 
Contents of port E reserved flag (0, WAIT3) (1 bit) 





@ HITACHI 


1054 








TELM30 










Tone 





4AreYyoOMOTA (€) 

















































































output . Yes 
initialized? , 
3 
@ 
K 
gy 
ct 
sie tae c 
Initialize 
for tone 3 
output _ ies : 
output No a 
until 20th 
digit? 
CALRST Decrement 
jIf handset counter Yes 
down, clea 
RAM used 
No 
CALRST 
If handset 
@ down, clear 
RAM used Sab HS pin Z 
L OFF of g 
= Set HS pin the HD61826 : 
= ON of the : 
> HD61826 - 
@) Z 
ae Next digit 
~ MFOUT = 21st ? - 
Output . § 
1 digit 4 5 
ed K 
; fe) 
Wit e 
Increment : 
pointer to E 
tone output rm o 
- » K 
2ist digit oo xd 
flag i 
i CALRST. 
seine Ae If handset 
OFF request ae oieee 
slats RAM used 3 QO 
a ~ 
cay 
| #: O 
= tre 
= 0 
W k- 
© © 
- 
Pe: 
* 
ve} 





SSOL 
Ro. 








Control Timer 2 


Control Dialing 
Circuit | 


TELM36 


<- 
TELM37 
Yes 
HS pin OFF 
HS pin ON 


MFOUT 
Output 
1 digit 


























Is there 
next data? 





Yes 








| Set flag 
for HS pin 


Increment ON 


pointer for 


buffer 





TEL371 


Call is 
answered? 





Yes (3) 


Set talking 
flag 


Yes 











Clear 
pointer 


for buffer 


TEL363 CALRST 







Set HS pin If handset 
down, clear 
OFF request eed 


flag 





TELM3F 


RTS 


@ HITACHI 
1056 


: Control Dialing 
Control Timer 2 Circuit 
Relay ON MODULE NO. T23.4 LABEL 


(1) Function 


f 


Confirms whether or not handset is up for tone output. If handset is 
up, set tone output request flag. If handset is down, connect line using 


relay. After confirming line connected, set tone output request flag. 


(2) Arguments 


a mane ee erear mane eenemmnel 











Contents Storage Location No. of Bytes 

Entry Relay ON flag (6, BZR) (1 bit) 
Handset up? (Line connected?) (2,PDDTR) , (3,PDDTR) (2 bits) 
Wait for 0.5 sec flag TELWAT (RAM) 1 

Returns Relay ON request flag (S, PFDTR) (l bit) 
Relay ON flag (6, BZR) (1 bit) 
Tone output request flag (2, BZR) (1 bit) 
Error process request flag (0,ERFLG) (1,ERFLG) (2 bits) 
Handset up (0, TELFLG) (1 bit) 
Which photo-coupler ON | (6,TELFLG) (7,TELFLG) (2 bits) 
Relay OFF request flag (5, BZR) (1 bit) 
Dialing flag (1, BZR) (1 bit) 
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Control Timer 2 _| Control Dialing | 
. _j LCircuit 
| Relay ON © MODULE NO. 723.4 | LABEL | TELM4O 


(3) Flowchart 
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Control Timer 2 Control Dialing 
Circuit 


While Retrying MODULE NO. T23.5 LABEL TELM50 


(1) Function 


Retries for 45 seconds every two minutes. 
(a) While waiting for two minutes; blink the telephone number on 
and off to indicate retrying. 
(b) If call is answered while ringing for 45 seconds, 
(i) Set buzzer request flag to notify caller. 
(ii) Set talking flag 
(iii) Complete retrying 


(c) If ringing is executed for 10 times with no answer, cancel 





retrying. 
(2) Arguments 
a 
Contents Storage Location No. of Bytes 
Entry Process flag for tone output TELWAT (RAM) 1 
Counter for retrying function REC (RAM) 1 
Counting how many times retrying (7, BZR) (1 bit) 
is executed 
Which photo-coupler is high (6,TELFLG) (7,TELFLG) (2 bits) 
Call is answered (2,PDDTR) (3,PDDTR) (2 bits) 
Returns Process flag for tone output TELWAT (RAM) 1 
Telephone number LCDM (RAM) 40 
Tone output request flag (1, BZR) (1 bit) 
Tone outputting flag (4, WAIT3) (1 bit) 
Talking flag (1, TELFLG) (1 bit) 
Handset up? (0, TELFLG) (1 bit) 
Buzzer output request flag (3, BZRFLG) (l bit) 
BuzZing time BZRCNT (RAM) 2 
Error message display OFF ERR1 (RAM), 2 
request counter ERR2 (RAM) 


Re nn ee aan tennant nae 
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Control Timer 2 Control Dialing 
Circuit 
_ While Retrying MODULE NO. | 123.5 LABEL TELM50 


(3) Flowchart 
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Control Timer 2 Control Dialing 
Circuit 
While Retrying MODULE NO. T23.5 LABEL TELMSO 
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{| Control Dialing 
Circuit _ 





Control Timer 2 


(1) Function 


Clears display and sets flag indicating handset is up and 


prepare for tone output. 


(2) Arguments 


Ee apne ne emnzaes mas ara eee ee eenenaneneemremnmenenmmnennmnaed 








Contents Storage Location No. of Bytes 
Entry Mode flag MODFLG (RAM) 1 

Handset up (2,PDDTR) (3,PDDTR) (2 bits) 
Returns LCD display RAM _ LCDM (RAM) 40 

RAM for redialing MEMO (RAM) 21 

Handset up? (0, TELFLG) (1 bit) 

Tone outputting flag (4, WAIT3) (1 bit) 

Cursor OFF CURADP (RAM) 1 

LCD display pointer | LCDMP (RAM) 7 a 
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; Control Dialing 
Control Timer 2 


(3) Flowchart 
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_ Display on LCD 





MODULE NO. EX1.0 LABEL LCD 


(1) Function 
Displays ASCII, stored in LCDM (RAM), on LCD. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Display data (ASCII) LCDM (RAM) 40 
Cursor position (Note) CURADP (RAM) ue 


Returns 





Note: CURADP indicates cursor position. 


Example: CURADP=0 No cursor displayed. 
CURADP=1 Cursor is displayed on lst digit. 


CURADP=2 Cursor is displayed on 2nd digit. 
) 
- 
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Display on LCD MODULE NO. EX1.0 LABEL LCD 


(3) Flowchart 
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Microcomputer + Telephone = ! | ex2.0 | a [oumar | 
Numbers Storing RAM | MODULE NO. EX2.0_ JAP OUTDAT 
(1) Function 


Loads data from microcomputer to RAM for storing telephone numbers. 


(2) Arguments 








Contents Storage Location No. cf Bytes 
Entry Data DATA (RAM) 13 

Address DTDP (RAM) 2 
Returns Data | (RAM for storing l 


telephone numbers) 





(3) Flowchart 
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as output 
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interrupts 
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Microcomputer « Telephone F 
Numbers Storing RAM MODULE NO. EX2.1 LABEL LNPDAT 


(L) Function 


Loads data from RAM for storing telephone numbers to microcomputer. 


(2) Arguments 








Contents Storage Location No. of Bytes 
Entry Address DTDP (RAM) 2 
Returns Data DATA (RAM) A: 





(3) Flowchart 
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3.5 RAM Table | —_ 
RAM allocation for the Intelligent Telephone is Shown in table 3.6. 
Table 3.6 RAM Table | 





Label No. of Bytes Description 











ADDRAT 4 Counter for rate of charge 

BZRCNT 2 Counter for buzz time 

CALCNT Jl Address pointer for modifying data 

CALNDR 5 Counter for calendar & time 

CNT l Address pointer for modifying data 

CNTBIT 1 Indicator determining what should be changed from BCD to 
ASCII 

CURADP 1 Current cursor position 

DATA L Temporary storage for telephone no. data 

DIADAT 5 Buffer of telephone no. for more than 21 digits tone output 

DIAPL 1 Pointer to buffer of telephone no. for more than 21 

DIAP2 1 digits tone output 

DTCNT 1 Pointer indicating what digit of review data is being 
reviewed : | 

DTDP 2 Address pointer for telephone no. data 

ERR1L 1 Counter for error message display time 

ERR2 1 | 

HOLD iL Pointer to display RAM converting blank spaces 

KEYDAT 1 Valid key data 

KEYNUM 1 Data for identifying depressed key 

KEYSET 1 | ASCII code corresponding key data 

LCDM 40 LCD display RAM 

LCDMP 1 Pointer to LCD display RAM 

MEMO 21 Previously called telephone number 

MEMOP 1 Contents of port E before tone output 

MFDAT 1 Tone data to be output 

MODFLG) 1 Mode flag 

NEWKEY 1 Current key data 

OLDKEY 1 Previous key data 

POINTR ] Pointer for moving data to display RAM 

REC 1 Counter for retrying function 


REFDAT 20 Data being reviewed 
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Table 3.6 RAM Table (cont.) 


Label 
SCOUNT 
SDP 
SEC 
SECCNT 
SHUCNT 
SHUSEC 
SHUSTA 
SINGL 
STBDAT 
TCNTR 
TEL 
TELCNT 
TELNO 
TELWAT 
TIMSTA 
TOTAL 
TOTLKY 
TRMFLG 
TRNS 
WAITL 
WAIT2 
WAIT4 


No. of Bytes 


1 
2 
2 
2 
1 
2 
5 
4 
L 
1 
3 
a 
1 
1 
1 
4 
1 
1 
L 
1 
1 
1 


Description 


Counter used in determining depressed key 


Pointer to next review data 


Charge per unit time 


Counter 


for unit time of charge 


Address pointer for modifying data 


Charge per time to be modified 


Calendar & time to be modified 


Counter of charge 


Data for strobe signal output 


Counter 
Counter 
Pointer 
Pointer 


Process 


for timer 1] interrupts 

for elapsed time 

to what digit of telephone no. is output 
to what digit of telephone no. is output 


flag for tone output 


Time counter to be modified 


Counter 


for accumulated charge 


Number of depressed key 


Process 
Counter 
Counter 
Counter 


Counter 


flag 


of blank spaces 


for HS pin ON 


for HS pin ON/OFF 


for blinking telephone no. ON/OFF during retrying 
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ead 


-6 Fiag Tabie 


tu 


The flag used by the Intelligent Telephone are shown in Table 3.7. 


Note : Flag function of bits 1% 3 of port D data register is 
described at the last of Flag Table. 


Table 3.7 Flag Table 








Flag Bit Description 
BZR O O = Output High for buzzing 
1 = Output Low for buzzing 





1 O = Not requesting tone output 
1 = Requesting tone output 





2 0 = Not tone outputting 
1 = Tone outputting 





3 QO = Not requesting HS pin ON 
1 = Requesting HS pin ON 














4 Not used 
5 0 «= Not requesting relay OFF 
1 = Requesting relay OFF 
6 O = Relay OFF 
1 = Relay ON | 
7 Q = Not counting how many times retrying function is executed 
1 = Counting how many times retrying function is executed 
BZRFLG 0 0 = Not retrying 
1 = Retrying 
1 O = Not waiting for 2 minutes during retrying 
l = Waiting for 2 minutes during retrying 
2 QO = Not ringing for 45 sec during retrying 
1 = Ringing for 45 sec during retrying 
3 O = Not requesting buzzing 
1 = Requesting buzzing 
4 QO = Not buzzing 
1 = Buzzing 
5 Not used 
6 Not used 
7 O = Cursor movement enable 
l = Cursor movement disable 
CHATFL 0 Counter to indicate how many times current key data is 
1 compared with previous key data 
2 
3 
4 Not used 
2 Not used 
6 Not used 
7 0 = Chatter prevension incompletion 


1 = Chatter prevension completion 
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Table 3.7 Flag Table (cont.) 


Flag 
ERFLG 


FLAG 


TELFLG 











Bit Description 
O bit 2 Ae Description 
0 O O No error 
1 : : 
U. 20: <7. BuzZing only 
0 2; 2 BuzZing and displaying "ERROR" 
2 1 O 1 BuzZing and displaying "FULL" 
3 Not used 
4 Not used 
5 Not used 
6 Not used 
a Not used 
@) O = No key data input 
1 = Key data input 
1 0 = Not displaying calendar & time 
1 = Displaying calendar & time 
2 O = Reviewing in forward direction 
1 = Reviewing in reverse direction 
3 0 = Not displaying elapsed time 
1 = Displaying elapsed time 
4 QO = Not reviewing data 
1 = Reviewing data 
5 O = Not desired data 
1 = Desired data 
6 QO = Not displaying accumulated charge 
1 = Displaying accumulated charge 
7 O = Not displaying charge 
1 = Displaying charge 
O QO = Handset down 
1 = Handset up 
1 O = Not talking 
1: = Talking 
2 O = Not receiving 
1 = Receiving 
3 O = No ringing 
1 = Ringing 
4 O = Not waiting for 3 sec before tone output 
1 = Waiting for 3 sec before tone output 
5 QO = Not dialing 
1 = Dialing 
6 O = Photo-coupler (1) OFF 
1 = Photo-coupler (1) ON 
7 Photo-coupler (2) OFF 


QO = 
ui 


— 


Photo-coupler (2) ON 
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Table 3.7 Flag Table (cont.) 





Flag Bit Description 





WAIT3 1 36 = Not contents of port E restored 


= Contents of port E restored 


= Retrying initialized 


= Turn on telephone number during retrying 


C 

Z 
Hi QO = Retrying not initialized 

1 

0 ri 

1 = Turn off telephone number during retrying 
3 Not used 


= No tone output 
= Tone output 


1 


= Not initialized for tone output 
= Initialized for tone output 


mM O]F O 
| 


Not used 
Not used 


WAIT5 Not used 


FLO EtrN I od 


O = Not receiving 
1 = Receiving 


iw) 


Not used 


= Not preparing for tone output after 2lst digit 
= Preparing for tone output after 2lst digit 


= LCD display not full 
= LCD display full 


pay 
he OTr © 
| 





= Tone output until 20th digit 
Tone output after 21st digit 


HH 


Wn 
bt O 
| 


Ov 


Not used 


QO = Not displaying "ERROR" 
1 = Displaying "ERROR" 





“I 





Note : Bits 1% 3 of port D data register indicate dialing circuit 


status as follows; 














Flag Bit Description 
PDDTR Ll O = Not receiving 
1 = Receiving 
2 Handset up Talking Handset up Talking 
ec) DiG.Z. 3) Dit 2. 2 or bit. 2 3 bit 2 3 
i> Oo a | O i aa io 
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3.7 Subroutine Table 


The subroutines used by the Intelligent Telephone are shown in Table 


3.8 with input and output arguments. 


argument details.) 


(Refer to "3.5 RAM Table" for 














Table 3.8 Subroutine Table 
Subroutine Entry Returns 
Name storage Location Bytes Storage Location Bytes Function 
ARGINT —— —_— -_— —_— Clear internal RAM 
CALLCD CALNDR (RAM) 5 LCDM (RAM) 40 Load calendar data 
into display RAM 
CALRST —— — — —— If handset is down, 
clear RAM used 
CALSHU LCDM (RAM) 40 CALNDR (RAM) 5 Determine whether or 
TELFLG (RAM) 1 not modified data is 
ERFLG (RAM) af correct format as 
calendar & time. 
If data is correct, 
set modified calendar 
& time. If incorrect, 
store "O" in TRMFLG 
(RAM) . 
CANCEL —_— —_ OC eee Cancel retrying 
CLEAR =< ——- LCDM (RAM) 40 Store $00 in display RAM 
CRGSET ADDRAT (RAM) 4 LCDM (RAM) 40 Load charge per unit 
SEC (RAM) 2 time into display RAM 
CURCAL LCDMP (RAM) Al LCDMP (RAM) 1 Define cursor position 
KEYDAT (RAM) ni CURADP (RAM) 1 for setting calendar 
& time 
CURRAT LCDMP (RAM) ii LCDMP (RAM) 1 Define cursor position 
CURADP (RAM) aL; for setting charge 
\ 
DIACLR —_—— —— DIALNO (RAM) 21 Clear RAM for tone 
output 
DIAL2 MEMO (RAM) 21 LCDM (RAM) 40 Display telephone 
number for retrying 
DTADD DTDP (RAM) 2 DTDP (RAM) 2 Increment pointer to 
data table 
DTLCD DTDP (RAM) 2 LCDM (RAM) 40 Display name and 
telephone number 
DTSUB DTDP (RAM) 2 DTDP (RAM) 23 Decrement pointer 
to data table 
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Table 3.8 Subroutine Table (cont. ) 





Subroutine Entry - Returns > 
Name Storage Location Bytes Storage Location Bytes Function 
Base Tocca Sis es eg ME eS a ae 
END (4, WAIT3) (1 bit) (1, FLAG) (1 bit) Clear RAM used in Mode 
DIALNO (RAM) 21 LCDM (RAM) 40 Process and set calendar 
& time display request 
flag. In the case of 
tone outputting, 
display telephone no. 
KENSAK REFDAT (RAM) 20 LCDM (RAM) 40 Compare data string 
FLAG (RAM) 1 FLAG (RAM) 1 
LCDBSY — —— ——- mane oa Check LCD busy flag 
LCDDSP IX 1 ee Sa Store ASCII in DDRAM 
| of LCD-II 
LCDINS IX 1 Sn ae Store instruction in 
instruction register 
LCDINT — —_— . a Select display mode of 
; LCD-IT 
LCDMCR coin —— LCDM (RAM) 40 Clear display RAM 
LCDMST FLAG (RAM) 1 LCDM (RAM) 40 Clear display RAM and 
send display format 
LCDRES <a = eS Sa Reset LCD-II by 
instruction 
LCDSET — CNT (RAM) L LCDM (RAM) : 40 Send calendar & time or 
FLAG (RAM) J ; charge to display RAM 
LFCRSR CURADP (RAM) 1 CURADP (RAM) — a Move cursor to the left 
LCDMP (RAM) 1 -LCDMP (RAM) ui ; 
MODFLG (RAM) 1 
TRMFLG (RAM) 1 


MEMCLR —_— ——— MEMO (RAM) 21 Clear telephone number 
for redialing 











MFOUT ACCA 1 MFDAT (RAM) 1 Output tone data 
| corresponding to 
ASCII 
MNYASC TOTAL (RAM) 4 LCDM (RAM) 40 Convert data to ASCII 
SINGL (RAM) 4 and load in display 
ADDRAT (RAM) 4 RAM 
SEC (RAM) 2 
MONEY - ADDRAT (RAM) 4 TOTAL (RAM) 4 Count charge 
SEC (RAM) 2 SINGL (RAM) 4 
MOVE1L LCDM (RAM) — 40 REFDAT (RAM) 20 Move to review data 
: : | area 
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Table 3.8 Subroutine Table (cont. ) 




















Subroutine Entry Returns 
Name Storage Location Bytes Storage Location Bytes Function 
MOVE2 REFDAT (RAM) 20 LCDM (RAM) 40 Move review data to 
display RAM 
RAMCLR —— = a apres Clear RAM for storing 
telephone numbers 
RATSET LCDM (RAM) 40 ADDRAT (RAM) 4 Determine whether or 
SEC (RAM) 2 not modified data is 
TRMFLG (RAM) Hi correct format as 
ERFLG (RAM) 1 charge per unit time. 
If data is correct, 
set modified charge 
per unit time. If 
incorrect, store "0" 
in TRMFLG (RAM). 
RTCRSR CURADP (RAM) i CURADP (RAM) 1 Move curscr to the 
LCDMP (RAM) 1: LCDMP (RAM) 1 right 
MODFLG (RAM) 1 
TRMFLG (RAM) 1 
SHUCAL CALNDR (RAM) 5 LCDM (RAM) 40 Load calendar & time 
CURADP (RAM) 1 or cursor into display 
RAM 
SNGCLR — — SINGL (RAM) 4 Clear charge 
SNGSTA — —— LCDM (RAM) 40 Load charge into 
display RAM 
TAN LCDM (RAM) 40 DIALNO (RAM) 21 Display speed dial 
MEMO (RAM) 21 and corresponding 
LCDMP (RAM) 1 telephone number 
CURADP (RAM) 1 
TELCLR = ae TEL (RAM) 3 Clear elapsed time 
TLCNT TEL (RAM) 3 TEL (RAM) 3 Count elapsed time 
TELLCD CNT (RAM) d: LCDM (RAM) 40 Load elapsed time into 
FLAG (RAM) 1 display RAM 
TELNOL = LCDM (RAM) 40 DATA (RAM) 1 Change 2 bytes of 
data into 1 byte 
TELNO2 DATA (RAM) 1 ‘LCDM (RAM) 40 Change 1 byte of data 
into 2 bytes 
TIMCNT CNTBIT (RAM) 1 CALNDR (RAM) ‘yao Count calendar & time 
TEL (RAM) e323 charge 
TOLCLR —= ——- TOTAL (RAM) 4 Clear accumulated 


charge 
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Table 3.8 Subroutine Table (cont.) 








Subroutine Entry | Returns | 
Name storage Location Bytes Storage Location Bytes Function 
TOLSTA TOTAL (RAM) 4 LCDM (RAM) 40 Load accumulated charge 
| into dispiay RAM 
TOROKU — DIDP (RAM) 2 (RAM for storing 29 Enter name and telephone 
LCDM (RAM) | 40 telephone no.) | number in RAM for | 


storing telephone no. 


YERCNT CALNDR (RAM) | 5 CALNDR (RAM) 5 Count calendar & time 


3.8 RAM Memory Map for Storing Telephone Numbers 


$0000 ———> 





A name is input with a max. of 20 
characters. (A space counts as 
one character.) 


First person's name 


$0014 
First person's 


max. of 18 digits, initially re- 
telephone number 


quiring 18 bytes. However, 2 
digits can be converted and stored 
in 1 byte (BCD), so that only 9 
bytes are necessary for storing a 
telephone number. (A space is 
changed to 4 bits, also.) 


|: telephone number is input with a 


$001D 
Second person's name 


$0031 
Second person's 
telephone number No terminator required between two 


$003A groups of data. 


Names and 


telephone 
numbers 
for a max. 
of 200 
persons 
$16A8 ———> 
Not Used 
$1700 ———e» A telephone number is input with 
Telephone number amax. of 18 digits, initially 
corresponding to requiring 18 bytes. However, 2 
speed dial "0" digits can be converted and stored 
91709 in 1 byte (BCD), so that only 9 
Telephone number bytes are necessary for telephone 
corresponding to number. (A space is changed to 4 
speed dial "1" | bits, also.) 
$1712 
speed dial No terminator required between two 


codes for 
a max. of 
10 phone 
numbers 


groups of data. 





$1754 ———e 


Not Used 


Note: Speed dial codes are 
entered in order from 
O to 9. 


Fig. 3.4 RAM Memory Map for Storing Telephone Numbers 
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3.9 Ports Labels Table 


The ports used by the Intelligent Telephone are shown in Table 3.9. 


Table 3.9 Ports Labels Table 





Ports Label Address 











Port A data register PADTR $00 
Port A data direction register PADDR $04 
| Port B data register PBDTR $01 
Port B data direction register PBDDR $05 
Port C data register PCDTR $02 
Port C data direction register | PCDDR $06 
Port D data register PDDTR $03 
Port E data register PEDTR $OB 
Port F data register _ PFDTR $0C 
Port G data register : PGDTR $OD 
Port G data direction register PGDDR $07 
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4.1 Program Listing 


00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
000S0 
00051 
00052 
00053 
00054 
00055 


0040 


0040 
0041 
0042 
0043 
0044 
0045 
0047 
0049 
004A 
004B 
004C 
OO4E 
OO4F 
00S0 
0052 


0054 
00SS 
0056 
00S? 
0058 
0059 
OOSA 
O0SB 
O0OSC 


00SD 
0062 
0065 
006A 
006B 
O06C 
006D 
OO6E 
OO6F 
0070 
0071 
0099 


OOAE 
OOAF 
00B0 
0081 
00B2 
00B3 
00B4 
OOBS 
00B6 
OOB? 
OOBC 


0001 
0001 
0001 
0001 
0001 
0002 


0002 


0001 
0001 
0001 
0002 
0001 
0001 
0002 
0002 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


0005 
0003 
0005 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0028 
0015 


0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0005 
0001 


* 
2K KOK OK 
*K 


* 
LCDMP 
MODFLG 
FLAG 
TRMFLG 
TELPUG 
OTOP 
SDP 
DTCNT 
DATA 
CURADP 
BZRCNT 
BZRFLG 
BZR 
OTADS 
SEC 

* 
KEYSET 
OLDKEY 
NEWKEY 
CHATFL 
KEYDAT 
TOTLKY 
KEYNUM 
STBDAT 
SCOUNT 
* 
CALNDR 
TEL 
SHUSTA 
TIMSTA 
CNTBIT 
POINTR 
CNT 
CALCNT 
SHUCNT 
TCNTR 
LCDM 
DIALNO 
* 


WAIT 
WAIT2 
WAITS 
WAITS 
WAITS 
MEMOP 
REC 
MFDAT 
TELWAT 
DIADAT 
OITAP1 


Section 4 Program Listings 


RAM ALLOCATION 


ORG 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


$40 


NNR RNR RP RPNN PRP RRP 


NRRP RRP RPP rPOWNin 


© 


PNR RRR RR PRR 
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DK HC IK DK DC I DK CK IK KC COC CIC 2K 2K COI KK 2K OK 


Pointer to diplay RAM 

Mode flag 

Flag for information to be displayed 
Process flag 

Flag for output tone 

Address pointer to telephone no. data 
Pointer to next review data 

Pointer to review data digit 
Temporary storage for telephone no. data 
Current cursor pointer 

Buzzeing time counter 

Flag for tone output 

Flag for tone output 

Start address of reiview data 

Charge per unit time 


ASCII code 

Previous Key data 

Current Key data 

Chatter counter 

Valid Key data 

Total Key number 

Data for indentifying depressed Key 

Data for strobe signal output 

Counter used in determining depressed Key 


Counter for calendar & time 
Counter for elapsed time 

Calendar & tme to be modified 

Time counter to be modified 
Indicator for BCO/ASCII conversion 
Pointer to moving data to display RAM 
Address pointer for modifying data 
Address pointer for modifying data 
Address pointer for modifying data 
Counter for tomer 1 interrupts 
Display RAM 

Currently dialed telephone no. 


Counter for HS pin ON 

Counter for HS pin ON/OFF time 
Flag for tone output 

Counter for blinking telephone no. ON/OFF 
Flag for tone output 

Contents of port E 

Counter for retrying function 
Tone data to be output 

Process flag for tone output 
Buffer of telephone no. 

Pointer to buffer of telepnone no. 
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00056 
00057 
00058 
00089 
00060 
00061 
000é2 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070 
O0071 
00072 
00073 
00074 
00075 
00076 
0007? 
00078 
00079 
00080 
00081 
00082 
00083 
00084 
00085 
00086 
00087 
00088 
00089 
00090 
00091 
00092 
00093 
00094 
00095 
00096 
00097 
00098 
00099 
00100 
00101 
00102 
00103 
00104 
00105 
00106 
00107 
00108 
00109 


00110 


OOBD 
OOBE 


OOBF 
00CO 


0100 
0100 


0115 
0129 
0120 
0131 
0135 
0137 


OI39? 
013A 
0138 
Q13C 


013D 
O13E 


0500 


0001 
0001 


0001 
0001 


0015 


0014 
0004 
0004 
0004 
0002 
0002 


0001 
0001 
0001 
0001 


0001 
0002 


0000 
0004 
0001 
0005 
0002 
0006 
0003 
0008 
Q00C 
000D 


Q007 — 


0010 
0011 
0008 
0009 
16A8 
0003 


DIAP2 
ERFLS 
*‘ 
HOLD 
TRNS 
*K 


*K 

MEMO 

* 
REFDAT 
ADDRAT 
SINGL 
TOTAL 
SECCNT 
SHUSEC 
*K 
TELNO 
TELCNT 
ERR1 
ERR2 

* 

* JUMP 
*« 

JTBL 
JMPADR 
* 

>K KICK 

* 
PADTR 
PADDR 
PBDTR 
PBDDR 
PCDTR 
PCDDR 
PDDTR 
PEDTR 
PFDTR 
PGDTR 
PGDDR 
SCR 
SSR 
TOR 
TCR 
RAMEND 
CMPNUM 
»* 


RMB 
RMB 


RMB 
RMB 


ORG 
RMB 


RMB 
RMB 
RMB 
RMB 
RMB 
RMB 


RMB 
RMB 
RMB 
RMB 


te Re pm 


FROM TABLE 


RMB 
RMB 


A 
2 


Pointer to buffer of telephone no. 
Flag for error process 


Pointer to display RAM for blank space process 
Counter of blank space 


Previously called telephone no. 


Data being reviewed 

Counter for rate of charge 
Counter for charge 

Counter for accumulated charge 
Counter for unit time of charge 
Charge per time to be modified 


Digit pointer to telephone no. 
Digit pointer to telephone no. 
Count error message display time 
Count error message display time 


Store instruction for jump 
Store ADDR for jump 


SYMBOL DEFINITION OIOIOROK OK IO I I OIOK KKK IOK KKK 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


EGU 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


$00 
$04 
$01 
$05 
$02 
$06 
$03 
$0B 
$OC 
$0D 
$07 


— $10 


$11 
$08 
$09 
29*200 
$03 


Port. 
~ Port G data direction reg. 


Port A data reg. 


Port A data direction reg. 
Port B data reg. 
Port B data direction reg. 
Port C data reg... 
Port C data direction reg. 
Port OD data reg. 
Port E data reg. 
Port F data reg. 

G data reg. 


SCI CTRL reg. 

SCI STS reg. 

Timer data reg. 

Timer control reg. 
External RAM end address 


DKK DK 3K IK IC DK 3K 24K IC KC 3K 3K IC CK IC IC IK CC COOK IC IC CC CCC IK CC ACK DK DC IC DIC IC OIC IC CIC 2K 


* 
* 
* 


* 


*K 


MAIN PROGRAM 


ORG 


$500 


* 


CMAINPR) »* 
* 


2 4 2 IC DIK 2K 2 IK KC CK KC CC DIC CK CIC OK KC OK CCI IK IC 2K CK 2K 946 2K CK IC IC 3K IC 2K CK KIC OK 
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00111 
00112 
00113 
00114 
00125 
00116 
00117 
00118 
00119 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00128 
00129 
00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00138 
00139 
00140 
00141 
00142 
00143 
00144 
00145 
00146 
00147 
00148 
00149 
00150 
00151 
00152 
00153 
00154 
00155 
00156 
00157 
00158 
00159 
00160 
00161 
00162 
00163 
00164 
00165 


OS00 
0501 
0504 
0507 
OSO09 
OSOB 
OS0D 
0510 
0512 
OS1S 
0517 
QS1A 
QS51C 
OS1F 
0S21 


0523 
0525 
0527 
0529 
052B 
052D 
052F 
0531 
0533 
0535 
0537 
0539 
0538 
Q53D 
OS3F 
0542 
0545 
0547 
0549 
0548 
OS4E 
0550 
0552 
0554 
0556 
0559 
OS5B8 
OSSD 


MAINPR EQU 


MAINKS 


MAIN1 
MAINZ 


MAIN3 
MAING 


* 


RSP 
JSR 
BRCLR 
LDA 
CMP 
BHI 
JSR 
BRA 
JSR 
BRA 
BRSET 
BRA 
JSR 
BCLR 
BRA 


* 
Initialize stack pointer 


SYSINT Initialize system 

O.FLAG.MAINKS Key data input? 

#SZE Key data >= $2E 

KEYDAT 

MAIN1 If < $2E, execute input data check 
MODE If >= $2E, execute mode process 
MAINZ 

CHECK 

MAINZ . 

QO.ERFLG.MAIN3 Error? 

MAING 

ERROR 

O.FLAG Reintialize flag 

MAINKS. 


HOROIOIOOIOIOIOOIOK OOK OKOIOOIOR OIOIOK OR IO OOIOIOIOK OOK OK HOR HOOK IKK OK KK 


* 
* 
*” 


NAME 


* 


INITIALIZE SYSTEM CSYSINT) * 
* 


OOOO OIOIOK IO OOF FORO OOROIORK HOR OIOR OOK HOR IOK HOR OK HOR OK IK HOOK HOOK OHOHOK 


* 


* 


»* ENTRY > NOTHING. * 
* RETURNS : NOTHING *K 
*K *K 
DK KK DICK DIK EC IK IK IK IK KK IC CIC IC ICRC IC ICC CIC ICC IC IK IC IC IC IC KKK CK IC IC IC 3K IC KIC HOOK IK 
SYSINT CLR OLDKEY 

LDA H#SFA Initialize timerl 

STA TOR 

LDA #$85 

STA TCR 

LDA #SOE Initialize timer2 

STA SCR 

LDA #$20 

STA SSR 

LDA HSFF Initialize ports 

STA PBDOR 

CLR PCDTR 

LDA #$60 

STA PEDTR 

JSR ARGINT Initialize internal RAM 

JSR END 

LDA H#$1F Check data in external RAM 

STA DTOP 

CLR DTDP+1 

JSR INPDAT 

LDA DATA 

CMP #$4C 

BNE RAMCL 

INC DTOP+1 

JSR INPDAT 

LDA DATA 

CMP HSGF 

BNE RAMCL 
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00166 OSSF 3C 46 INC DTDP+1 


00167 0561 CD 187C JSR INPDAT 
00168 0564 Bé 4A LDA DATA 
00169 0566 Al S6 CMP #$56 
00170 0568 26 OD BNE RAMCL 
00171 OS6A 3C 46 INC DTDP+1 
00172 O0S56C CD 187C JSR INPDAT 
00173 OS6F Bé 4A LDA DATA 
00174 0571 Al 45S CMP #$45 
0017S 0573 26 02 BNE RAMCL 
00176 0S7S 20 03 BRA RAMCLE 
00177 0S’? CD 1970 RAMCL JSR ~ RAMCLR Clear external RAM 
00178 OS7A 81 RAMCLE RTS | 
00179 ook 
00181 > OK 
00182 »K NAME > MODE PROCESS (MODE) >» 
00183 Xx * 
00184 OOO OOOO OK OOOO OOOO OR OI QIOOI OK IORI OK KOK OKI OKI KOK OK 
00185 * * 
00186 > ENTRY > KEYDAT. TRMFLG. MODFLG * 
00187 » RETURNS : MODFLG. TRMFLG. ERFLG * 
00188 * * 
00190 0S7B Bé S8 MODE LDA KEYDAT Execute Key? 
00191 0OS7D0 Al 40 CMP #$40 
00192 OS?F 27 06 BEQ MODE2 
00193 0581 AOD 20 SUB - #$2D If not. define mode flag 
00194 0583 B7 41 STA MODFLG . 
0019S 0585S 20 OA BRA MODE4¢ | 
00196 0587 Bé 41 MODE2 LDA MODFLG If so. test if it is error 
00197 0589 26 04 BNE MODE3 
00198 0S8B 10 BE BSET O.ERFLG If error. set error process request flag 
00199 0580 20 29 BRA MODEF 
00200 OS8F 3C 43 MODE3 INC TRMFLG Increment Process flag 
00201 0591 SF MODE4 CLR Xx 
00202 0S92 01 OSBS MODES CMP MOTBL.X Jump from table 
00203 0S9S 27 OB BEG MODE6 
00204 0597 SC INC X 
0020S 0598 SC INC X 
00206 0599 SC INC x 
00207 OS9A AZ 30 CPX H#MDTBLE-MDTBL 
00208 O0S9C 26 F4 BNE MODES 
00209 OS9SE 10 BE BSET O.ERFLG 
00210 OSAO 20 16 BRA MODEF 
00211 OSA2 SC MODE6 INC X 
00212 OSA3 Dé O0SB9 LDA MOTBL.X 
00213 OSA6 C7? O13ZE STA JMPADR 
00214 OSAS SC INC x 
0021S OSAA Dé OSB9 LDA MOTBL.X 
00216 OSAD C7? O13F STA JMPADR+1 
00217 OSBO A6 CC LDA #HS$CC 
00218 OSB2 C7? 0130 STA JTBE Call specified module 
00219 OSBS CD 0130 JSR JTBL 
00220 O0SB8 81 MODEF RTS 
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00221 * 


00222 FOOIOOOIOIOR ORK OR OR OOK OOOO OOOO IOI OK IORI OROIOOK HOR IOOHIOK HOK 

00223 * * 

00224 * NAME >: JUMP TABLE FOR MODE PROCESS >» 

00225 > x 

00226 ROK OOO OOK OI IOI OK OK KOK OKI IK KOK RK KK KOK KOK KK KK KOK KOK 2K OK KOK KOK KOK OK OK 

00227 OSB9S Ol MOTBL FCB $1 

00228 OSBA O6EE FOB MOD10 Set charge display request flag 

00229 OSBC 02 FCB $2 

00230 OSBO O6F7 FOB MOD20 Set accumuLated charge display request flag 

00231 OSBF 03 FCB $3 

00232 OSCO 0700 FOB MOD30 Set elapsed time display request flag 

00233 OSC2 04 FCB $4 " 

00234 0OSC3 0709 FDB MOD40 Entry a telephone number 

00235 0OSCS 0S FCB $5 

00236 O0SC6é 0739 FOB MODSO Review/modify/delLete a telephone number 

00237 OSC8 06 FCB $6 

00238 O0SC9 0739 FDB MODSO Review/modify/delete a telephone number 

00239 OSCB O07 FCB $7 

00240 OSCC 0739 FOB MODSO Review/modifty/delete a telephone number 

00241 OSCE 08 FCB $8 

00242 OSCF 0801 FOB MOD80 Prepare for speed dialing 

00243 0501 09 FCB $9 

00244 0502 084C FDB MOD90 Enter a speed dial number 

00245 OSD4 OA FCB $A 

00246 0505S 08B2 FOB MO0100 Prepare for redialing 

00247 OSD? OB FCB $B 

00248 O0SD8 O8ED FOB MOD110 Prepare for retrying 

00249 OSDA OC FCB $C 

00250 OSDB O90E FDB MOD120 Prepare for normal dialing 

00251 OSDD OD FCB $D 

002S2 OSDE 0929 FOB MOD130 Set calendar & time 

00253 OSEO OE FCB SE 

00254 0SE1 0955 FOB MOD140 Set rate for charge 

00255 OSES OF FCB $F 

00256 OSE4 0980 FDB MOD150 Clear accumulated charge 

00257 OSE6 10 FCB $10 

00258 OSE? 098A FDB MOD160 End 

00259 OSES MOTBLE EQU 2K 

00260 K 

00261 FO ORO OOOO OOOO HOR IO IORI IOI KIO IOK 

00262 * * 

00263 »K NAME > CHECK INPUT DATA (CHECK) > 

00264 K * 

0026S FOO OOOO OQ IO OOOOIOROOORIOROIOOOOOOOOOOR OOK IK KK IOKK 

00266 * * 

00267 * ENTRY > KEYDAT. MODFLG. FLAG >» 

00268 * RETURNS : KEYSET * 

00269 * >» 

00270 FORO ORO OOK IO KOKO OKO OK KI IOK I OKOK I HOK 1 OK 

00271 OSES 03 42 03 CHECK BRCLR 1.FLAG.CHECK1 Calendar & time? 

00272 OSEC CC 0651 JMP CHECKF 

00273 OSEF A6 29 CHECK1 LDA #$29 Key data = numeral? 

00274 OSF1 Bl S8 CMP KEYDAT 

00275 OSF3 22 02 BHI CHECK2 If so. execute numeral process 
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UOUZT6 
00277 
00278 
00279 
00280 
00281 
00282 
00283 
00284 
00285 
00286 
00287 
00288 
00289 
00290 
00291 
00292 
00293 
00294 
00295 
00296 
00297 
00298 
00299 
00300 
00301 
00302 
00303 
00304 
00305 
00306 
00307 
00308 
00309 
00310 
00311 
00312 
00313 
00314 
00315 
00316 
00317 
00318 
00319 
00320 
00321 
00322 
00323 
00324 
00325 
00326 
00327 
00328 
00329 
00330 
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OSFS - 


OSF? 
OSF9 
OSFC 
OSFE 
0600 
0601 
0604 
0606 
0607 
0608 
0609 
0608 
060D 
0610 
0612 
0613 
0616 
0619 
061A 
0610 
0620 
0622 
0625 
0628 
062A 
0628 
0620 
0630 
0632 
0633 
0634 
0635 
0637 
0639 
0638 
063C 
O63F 
0642 
0643 
0646 
0649 
0648 
O64E 
0651 


0652 
065A 
0662 


41 
46 
4B 


12 


OA8C 
SF 


067A 
O13E 


067A 
O13F 


013D 
0130 
2? 


58 
068C 
O9 


09 
F4 
16 


068C 
O13E 


068C 
O13F 
CC 

0130 
0130 


BRA CHECKS If not. execute cursor process 
CHECK2 LDX KEYDAT For numeral process 

LDA KEYCD-1.X 

STA KEYSET Change Key data into ASCII 

LDA MODFLG 

CLR x Search module to be executed 
CHECKS CMP CATBL.X 

BEQ CHECK4 


INC x 
INC x 
INC xX 


CPX HCATBLE-CATBL 

BNE CHECK3 

JSR CHEK4 

BRA CHECKF 
CHECK4 INC xX 

LDA CATBL.X 

STA JMPADR 

INC xX 

LDA CATBL. X 

STA JMPADR+1 


LDA #$CC 
STA JTBL Call specified module 
JSR JTBL 


BRA CHECKF 
CHECKS CLR x 

LDA KEYDAT 
CHECK6 CMP CSTBL.X Search module to be executed 

BEQ CHECK? 


For cursor process 


INC X 
INC x 
INC x 


CPX #CSTBLE-CSTBL 
BNE CHECK6 
BRA CHECKF 
CHECK? INC x 
LDA CSTBL.X 
STA JMPADR 
INC x 
LDA CSTBL. X 
STA JMPADR+1 


LDA #S$CC 

STA JTBL Call specified module 

JSR JTBL 
CHECKF RTS 
*« 
DKK IC IC CHEE CI DIC OIC IK IORI IC HORE IC IC ICICI IK DK IC IK CIC IK IK CCIE COI IK IC IK IC OIC CHC IK IK OK 
* *K 
*« DATA TABLE * 
*K *K 


DC 9K DC I KK CIC ICC CO CCIE IK DC IK 4 AC OC CIC DK IC IC IC CIC CIC DK CK CICK CK ICI ICCC KC COC IC 2K 
* 


KEYCD ) FCC "ABCDE123" Data for 8x8 
FCC "EGHIJ4S6"' Key scan 
FCC "KLMNO?789"' 
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00331 066A 50 FCC "PQRST*O#" 


00332 0672 SS FCC "UVWXYZ. " 
00333 * 
00334 SOIC ICICI OOOO OOK IORI OOK KOI OK HOK KHOKHOK HOOK 1K 
00335 * * 
00336 »k NAME > JUMP TABLE FOR DATA CHECK * 
00337 * * 
00338 SOOO OOO OO OOOO OOOO OR OOO IK IOI IKK 
00339 067A 00 CATBL FCB $0 
00340 067B O98E FOB CHEK1 Check for normal dialing 
00341 067D OC FCB $C 
00342 O67E 098E FDB CHEK1 Check for normal dialing 
00343 0680 08 FCB $8 
00344 0681 0A20 FOB CHEK2 Check for speed dialing 
00345 0683 09 FCB $9 
00346 0684 0A47 FOB CHEK3 Check for entering speed dial number 
00347 0686 OD FCB $D 
00348 0687 OADD FDB CHEKS Check for setting calendar & time, charge 
00349 0689 OE FCB SE 
00350 068A OADD FOB CHEKS Check for setting calendar & time. charge 
00351 068C CATBLE EQU »* 
00352 > 
00353 OOOO OO OOQOROROIOOOROR OOOO OR OOOO IORI OK OK I HOK 
00354 * * 
0035S * NAME >: JUMP TABLE FOR CURSOR »k 
00356 * * 
00357 OOO IOROIOIOIOIOI OOOO OOO OOK OR OK OKOOIOK IOI OK IK KKK KOK 
00358 O068C 29 CSTBL FCB $29 

00359 0680 0B12 FDB CURLR Move cursor to right or Left 
00360 O68F 2A FCB $2A 
00361 0690 0812 FDB CURLR Move cursor to right or Left 
00362 0692 2B FCB $2B 
00363 0693 0B72 FDB MVECUR Move cursor to 21st digit 
00364 0695 CSTBLE EQU * 
00365 * 
00366 OROIOIOOR OOOO OOOO OOK IO OOOO IOIOK OHO IOI OIOHOK KKK KOK OK 
00367 * >» 
00368 »K NAME >: ERROR PROCESS CERROR) * 
00369 * * 
00370 FOOICIOIOIO IO OO OR OKO OOOO ORIG IOK OOK OK OK IOK OK IOK 
00372 * ENTRY >: BZRCNT. ERR1. ERR2. ERFLG * 
00373 * RETURNS : ERFLG ) * 
00374 »* * 
00375 2K KC IK 3K DC IC IC 2K CC IC 2 CC IC 2K 2 CC KK CC KK CK 2 KCK 2 KK ICO OIC KOK 21 
00376 0695 Bé 4D ERROR LDA BZRCNT+1 Buzzing time defined? 
00377 0697 26 12 BNE ERROR2 
00378 0699 Cé 0138 LDA ERR1 Displaying time defined? 
00379 069C 26 OD BNE ERROR2 
00380 O069E A6 60 LDA #$60 
00381 O6A0 B? 4D STA BZRCNT+1 Define buzzing time 
00382 O6A2 C7? 0138 STA ERR1 Define displaying time 
00383 O6AS 4F CLR A 
00384 O06A6 B? 4C STA BZRCNT 
00385 06A8 C7? 013C STA  ~=ERR2 
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NNZQAL 


et NS wed ee ee? 


00387 
00388 
00389 
00390 
00391 
00392 
00393 
00394 
00395 
00396 
00397 
00398 
00399 
00400 
00401 
00402 
00403 
00404 
00405 
00406 
00407 
00408 
00409 
00410 
00411 
00412 
00413 
00414 
00415 
00416 
00417 
00418 
00419 
00420 
00421 
00422 
00423 
00424 
00425 
00426 
00427 
00428 
00429 
00430 
00431 
00432 
00433 
00434 
00435 
00436 
00437 
00438 
00439 
00440 
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NLA 
wore 


O6AD 
06B0 
06B3 
0685 
06B7 
06B9 
O6BC 
O6BF 
O6C1 
06C4 
06C6 
06C7 
06C9 
O6CC 
O6CE 
0600 
0602 
0604 
0607 
O6DA 
O6D0C 
O60F 
QO6E1 
06E2 
O6E4 
O6E? 
Q6E9 
O6EB 
O6ED 


O6EE 
O6FO 
O6F2 
O6F4 
O6F6 


Bé 
AS 
B? 
Te 
81 


42 
35 
42 
42 


ERROR3 


ERROR4 


ERRORS 


ERRORS 


* 
KOK ACK 
* 
* 


_ oo ow 


BSE 
BRCLR 
BRSET 
LDA . 
AND 
STA 
JSR 
JSR 
LOX 
LDA 
STA 
DEC 
BNE 
JSR 
BRA 
LDA 
AND 
STA 
JSR 
JSR 
LDX 
LDA 
STA 
DEC 
BNE 
JSR 
LDA 
AND 
STA 
RTS 


PROGRAM MODULE FOR MODE PROCESS 


3,B2ZRFLG 

1,ERFLG.ERROR6 Only buzzer? 
2,.ERFLG.ERRORG Display "ERROR" 
FLAG Clear display 

#$35 

FLAG 

LCOMCR 

LCD 

#9 

ERRORD-1,.X Display 
LCDM+16,X 
X 

ERROR3 
LCD 
ERROR6 
FLAG 

#$35 

FLAG 
LCOMCR 
LCD 

#8 
FULLD-1.X Display "FULL" 
LCDM+16.X 

X 

ERRORS 

LCD 

ERFLG 

#%11111000 

ERFLG 


"ERROR"! 


Clear display 


2K KK KK KOK 


DIK DK IC DIC IC IK IC KCK I 2K CIC IC CK CICK C2 IK KK 2K 2 IK OK CK IK CIC IC CIC IC IK IK IC KC IK KC CK 


* 
x 
* 
* 


NAME 


*K 
> SET CHARGE DISPLAY REQUEST * 


FLAG (MOD10) * 
x 


SOOO OOOO OOOO OOOO OI IOI OOK IOK I IOIOK OK KKK 


* 
* 
* 
*K 


ENTRY 


RETURNS : 


*K 
> NOTHING > 
FLAG * 

* 


FOO OOOO CORO OO IOK OOOO OK OK IOIOK IK IOHIK 


~MO0D10 


* 


LDA 
AND 
STA 
BSET 
RTS 


FLAG Clear display 

#$35 

FLAG 

7,FLAG Set charge display request flag 


FOR OOOO OR ORIG OR ORO OOK OK OR OK OK OI OK KOR OOK OK OKOK 


* 
»K 
* 


NAME 


* 
> SET ACCUMULATED CHARGE DISPLAY x 
REQUEST FLAG ¢(MOD20> >» 
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00442 ROROOIOROOIOOOROOIOOOOOOOOR OOK HOOK OI IO OK HOR OHO OK 
00443 * * 
00444 * ENTRY > NOTHIMG * 
0044S *« RETURNS : FLAG as 
00446 * * 
00447 SOOO OO OR IORI IORORIORK OK ORO OOO KOKO KOK KK OKI IOK IK KOK KOK 
00448 O6F? Bé 42 MOOD20 LDA FLAG Clear display 
00449 O6F9 AG 35 AND #$35 
00450 O6FB B? 42 STA FLAG 
00451 O6FD 1C 42 BSET 6,FLAG Set accumulated charge display request flag 
00452 O6FF 81 RTS 
00453 * 
00454 ROOK ORO IOROORIOK OR ORIOROOR OKO OK OK OK OIOK KOK IK KOK IKK 
004655 * *x 
00456 * NAME >: SET ELAPSED TIME DISPLAY * 
00457 >» REQUEST FLAG (M0OD30)> * 
00458 * * 
00459 ROROORIOIOOROOROOK ORK OK OOO OR IOK OK OKO OIOOIOK OHOIOKKOHOK KOK KOK 
00460 * XK 
00461 * ENTRY > NOTHING * 
00462 »*« RETURNS : FLAG *« 
00463 * * 
00464 ROROKOROOIOKOOOIOKORIOROOORIOK ORIG OQ OOIOK FOR OOK OK IK HOKOIOK 
0046S 0700 Bé 42 MOD30 LDA FLAG Clear display 
00466 0702 AG 35 AND = #$S5 
00467 0704 B? 42 STA FLAG 
00468 0706 16 42 BSET 3,FLAG Set elapsed time display request flag 
00469 0708 81 RTS 
00470 *« 
004671 ROROOROIOR OOOO IOIOR OOOO OOOO OOK KOR IOOKOOK IK IOK 
00472 * »* 
00473 »* NAME > ENTER A TELEPHONE NUMBER * 
00474 X | (MOD40> > 
0047S »* * 
00476 OOOO OOO IOROIOKORORIOIOROOR OOK OIRO IOOROIOK OK OK IOKHOK IK 
00477 »*K *K 
00478 * ENTRY >: TRMFLG. LCOM, WAITS * 
00479 * RETURNS : LCDM., CURADP,. FLAG >» 
00480 * * 
00481 OOOO IOOOOIOOIOOIOK OOOO OIRO KOI OIOROOK KIO OK IK HOK OOK 
00482 0709 08 BO 2C MOD4GO BRSET 4.WAIT3.M0042 Output tone? 
00483 O70C Bé6 43 LDA TRMFLG Check process flag 
00484 O70E 26 IE BNE MOD41 
00485 0710 Bé6 42 LDA FLAG If 0. clear display 
00486 0712 AG 35 AND #$35 
00487 0714 B7? 42 STA FLAG 
00488 0716 A6 Ol LDA #$1 
00489 0718 B? 4B STA CURADP 
00490 O71A CD 1966 JSR LCDMCR 
00491 071D CD 110E JSR LED 
00492 0720 15 42 BCLR 2,FLAG Define search direction flag 
00493 0722 3F 45 CLR DTDP 
00494 0724 3F 46 CER DT DP+1 
00495 0726 CD 12Cl1 JSR KENSAK Search empty area 
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te 
ee 


00496 0729 CD 1966 JSR LCDMCR 

00497 072C 20 OA BRA MOD42 

004°8 O72E Al Ol MOD41 CMP #S$1 enter data 

00499 0730 26 06 BNE MOD42 

00S00 0732 CD 139A JSR TOROKU 

00501 0735S CD 18DA JSR END 

00S02 0738 81. MOD42 RTS 

00503 * 

0050S * >» 
00506 »K NAME > REVIEW / MODIFY / DELETE »K 
00S07 »* A TELEPHONE NUMBER ¢«MODSO>) »x 
00508 * K 
00510 * *« 
00511 >» ENTRY >: WAITS. TRMFLG,. LCDM.KEYDAT * 
00512 * RETURNS : LCOM. CURADP. BZRFLG, FLAG > 
00513 >» LCOMP 
00514 * | 2K 
00515 24K KOK DK KOK CK KCK KKK KK 21K KKK 2K KK KKK KOKI KC KOK KOK IK 2K KOK KK 


00516 0739 09 BO 03 MODSO BRCLR 4.WAIT3,.MODS1 Output tone? 


00517 O073C CC 0800 JMP MOD7F If so. ignore this routine 
00518 O73F B6 43 MODS1 LDA TRMFLG Check process flag 
00519 0741 26 16 BNE MODS2 | : 

00520 0743 Bé6 42 LDA FLAG If 0. clear display 
00S21 0745 A4 35 AND #$35 

00522 0747 B? 42 STA FLAG 

00523 0749 A6 Ol LDA #$1 

00524 0748 B? 4B STA CURADP 

00525 074D CD 1966 JSR LCDMCR 

00526 0750 CD 110E€ JSR LCD 

00S27 0753 CD 1480 JSR CLEAR 

00528 0756 CC 0800 JMP MOD ?F 

00529 0759 Ai Oi MODS2 CMP #$1 If 1, refer to data 
00530 075B 26 1E BNE MODS3 

00531 O75D 1E 4E BSET 7,B2RFLG 

00532 O7SF 3F 45 CLR DTDP 

00533 0761 3F 46 CLR DOTOP+1 

00534 0763 A6 Ol LDA #$1 

00535 0765 B? 4B STA CURADP 

00536 0767 15 42 BCLR 2,FLAG 

00537 0769 CD 19CB JSR MOVE1 

00538 076C CD 12C1 JSR KENSAK 

00539 O76F 3C 43 INC TRMFLG 

00540 0771 A6 Ol LDA #$1 

00541 0773 B7 4B STA CURADP 

00542 0775S 4A DEC A 

00543 0776 B7? 40 STA LCDMP 

00544 0778 CC 0800 JMP MOD7F 
005465 077B Al 02 MODS3 CMP #$2 If 2, define data table start address 
00546 O77D 26 31 BNE MOD6 

00547 O77F Bé6 SB LDA KEYDAT 

00548 0781 Al 2A CMP H$Z2A 

00549 0783 26 10 BNE MODS4 


00SSO 0785 15 42 BCER 2,FLAG 
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00551 
00SS2 
00S53 
OOS54 
OOSSS 
OO0SS6 
O0SS? 
00558 
00589 
00560 
00561 
00562 
00563 
00564 
00565 
00566 
00567 
00568 
00569 
00570 
00571 
00S72 
00573 
00574 
00S75 
00576 
00577 
00578 
00579 
00580 
00581 
00582 
00583 
00584 
00585 
00586 
00587 
00588 
00589 
00590 
00S91 
00592 
00593 
00594 
00595 
00596 
00597 
00598 
00599 
00600 
00601 
00602 
00603 
00604 
00605 


0787 
0789 
078B 
078D 
O78F 
0791 
O793 
0795 
0797 
0799 
O79C 
O79E 
O7AD 
O7A2 
O7A4 
O7A6 
O7A8 
O7AA 
O?AD 
O7B0 
O7B2 
07B4 
07B6 
O7B8 
O7BA 
O7BD 
O7CO 
O7C2 
O7C4 
O7?C6 
O7C9 
07CB 
O?7CE 
07D0 
O7D2 
O7D5S 
O7D7 
O7D9 
O7DB 
07DD 
O7EO 
O7ES 
O7ES 
O7E8 
O7EA 
O7EC 
O7EF 
O7F2 
O?F4 
O?F6 
O7F8 
O?FA 
O7FD 
0800 


2° MODS4 


42 MODSS 


MODS6 
41 MOD6 


43 MOD61 


04 MOD62 


50 MOD63 


43 MOD? 


MOD? 1 


MOD?F 


LDA 
ADD 
STA 
LDA 
ADC 
STA 
BRA 
CMP 
BEQ 
JMP 
BSET 
LDA 
SUB 
STA 
LDA 
SBC 
STA 
JSR 
JMP 
LDA 
CMP 
BEG 
CMP 
BEG 
JSR 
JMP 
LDA 
CMP 
BNE 
JSR 
BCLR 
JMP 
CMP 
BEG 
JMP 
LDA 
STA 
LDA 
STA 
JSR 
JSR 
JMP 
LDA 
CMP 
BEG 
JMP 
JSR 
LDA 
STA 
LDA 
STA 
JSR 
JSR 
RTS 


DTADS+1 
H29_ 
DTDP+1 
DTADS 
#0 
DTDOP 
MODS6 
H$29 
MODSS 
MOD7F 
2,FLAG 
DTADS+1 
#29 
OTOP+1 
DTADS 
#0 
DTDP 
KENSAK 
MOD7F 
MODFLG 
#36 
MODé61 
#7 
MOD? 
END 
MOD?F 
TRMFLG 
#3 
MOD62 
LCD 
7,BZRFLG 
MOD7F 
#34 
MOD63 
MOD7F 
DTADS 
DTOP 
DTADS+1 
DTDP+1 
TOROKU 
END 
MOD7F 
TRMFLG 
#93 
MOD71 
MOD7F 
CLEAR 
DTADS 
DTDP 
DTADS+1 
DTDP+1 
TOROKU 
END 


Check mode flag 


If 3, jump to MOD61 


If 4. jump to MOD? 


Test if process flag is 3 


Test if process flag is 4 


If 4, enter modified data 


Test if process flag is 3 


Delete data 
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ANKNS 


WT we 


00607 
00608 
00609 
00610 
00611 
00612 
00613 
00614 
00615 
00616 
00617 
00618 
00619 
00620 
00621 
00622 
00623 
00624 
00625 
00626 
00627 
00628 
00629 
00630 
00631 
00632 
00633 
00634 
00635 
00636 
00637 
00638 


00639" 


00640 
00641 
00642 
00643 
00644 
00645 
00646 
00647 
00648 
00649 
00650 
00651 
00652 
00653 
00654 
0065S 
00656 
00657 
00658 
00659 
00660 
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0801 
0804 
0806 
0808 
080A 
O80C 
O80E 
0811 
0814 
0816 
0819 
0818 
O81C 
O81E 
0820 
0822 
0824 
0826 
0829 
082B 
082C 
O82E 
0830 
0831 
0833 
0836 
0838 
083A 
O83C 
O83F 
0841 
0842 
0844 
0847 
0849 
084B 


BO 47 


TOOK TK OC ACK TR OAR OR RCO OR ACI KOKO DK KOKOIOIOK KK 


2 | * 
* NAME > PREPARE FOR SPEED DIALING ss 
* (MOD80> *« 
x > 
SOOO OOOO OOO OOOO OOOO OOK OOO IOOIIIOK A 4OKHOK 
2k * 
> ENTRY > WAIT3,. TRMFLG, LCDM * 
* RETURNS : LCDM, CURADP. BZR. LCOMP 0 
> WAITS * 
x > 
2K KK KCK KK 2K 2K KKK CK KK OK 3K 9K KKK KK KKK KKK 2K KK KKK KKK 


MOD80 BRSET 4.,WAIT3S.MOD8S Output tone? 
LDA TRMFLG 
BNE MOD83 
LDA FLAG If so. clear display 
AND #$35 | 
STA FLAG 
JSR LCOMCR 
JSR = LCD 
LDX #$4 


MOD82 LDA  NO1-1.X 
STA LCDM+2.X Display "NO? - " 


DEC X 

BNE MOD82 

LDA #9 

STA LCDMP 

LDA #$A 

STA CURADP 

JSR LCD 

LDX _LCDMP 

DEC X Define cursor position 


STX LCOMP 
LDX CURADP 
DEC x 
STX CURADP 
JMP MOD85 
M0083 CMP #31 
BNE MOD8S 
LDX #$8 


MOD84 LDA NO2Z-1,X Display ''NO.' 


STA LCDM.X 


DEC x 
BNE MOD84 
JSR TAN Review speed dial no. 


BSET 1,.B2R Set tone output request flag 

— BSET 4,WAIT3 Set tone outputting flag 
MOD8S RTS 
*K 


OOK OOOO OOK OOO I AICIOK IOI IK IK 1K 2K 262K 1K KOK KOK 1K 210K 3K 
x ! a 
* NAME > ENTER A SPEED DIAL NUMBER * 


Bs K 

DIK DIC HOOK IC KK DIK OHIO CK CKD DK CHICK DEC DICK IK IC IK COI IC ICC KK CCK IC DICK IK CK 

K * 
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00661 
00662 
00663 
00664 
0066S 
00666 
00667 
00668 
00669 
00670 
00671 
00672 
00673 
00674 
0067S 
00676 
00677 
00678 
00679 
00680 
00681 
00682 
00683 
00684 
00685 
00686 
00687 
00688 
00689 
00690 
00691 
00692 
00693 
00694 
00695 
00696 
00697 
00698 
00699 
00700 
00701 
00702 
00703 
00704 
0070S 
00706 
00707 
00708 
00709 
00710 
00711 
00712 
00713 
00714 
00715 


084C 
O84F 
0851 
0853 
08SS 
0857 
0859 
08sc 
O8SF 
0861 
0863 
0865 
0867 
O86A 
O86C 
086D 
O86F 
0871 
0873 
0876 
0878 
087A 
087C 
O87E 
0880 
0882 
0884 
0886 
0888 
088B 
O88E 
0890 
0892 
0894 
0896 
0898 
O89A 
089C 
O89E 
O8A0 
08A2 
OBA4 
O8A6 
O8A? 
O8A9 
O8AB 
O8AE 
08B1 


BO 62 MOD90 BRSET 
43 LDA 
23 BNE 
42 LDA 
35 AND 
42 STA 
1966 JSR 
110€ JSR 
O09 LDA 
40 STA 
OA LDA 
4B STA 
110E JSR 
40 LDX 
DEC 
40 STX 
OA LDA 
4B STA 
08B1 JMP 
01 MOD91 CMP 
14 BNE 
2A LDA 
78 STA 
1G STA 
1S LDA 
4B STA 
14 LDA 
40 STA 
110€ JSR 
08B1 JMP 
02 MOD92 CMP 
LF BNE 
tA LDA 
OF AND 
46 STA 
46 LDX 
ae LDA 
45 STA 
EY LDA 
46 STA 
Q9 MOD93 ADD 
46 STA 
DEC 
FF CPX 
F? BNE 
13BD JSR 
18DA JSR 
MOD94 =RTS 

* 


* ENTRY 
* RETURNS : 


* 


: WAITS, 
LCOM., CURADP., LCDOMP * 


TRMFLG. LCDM * 


*K 


D2 2.2 2D. © 2.92 2 0 0 2 2.6 6 2 2 2 Po Oo 2 2 2.9.9. 2.8 2. 22.2 2 oo 2 oo oo 2 oa 4 
4,.WAIT3,.M0094 Output tone? 


TRMFLG 
MOD9 1 
FLAG 
#$35 
FLAG 
LCDMCR 
LCD 

#9 
LCDMP 
#SA 
CURADP 
LCD 
LCOMP 
x 
LCOMP 
#SA 
CURADP 
MOD94 
#$1 
MOD92 
#S$ZA 
LCOM+? 


LCDM+11 


#$15 
CURADP 
#$.14 
LCDMP 
LCD. 
MOD94 
#$2 


~ MOD94 


LCDM+9 
#SOF 
DTOP+1 
DTDP+1 
#$17 
DTDOP 
#SF7 
DTDP+1 
#$9 
DTOP+1 
x 

#$FF 
MOD93 
MOD9S5 
END 


Clear display 


Define cursor position 


Cursor ON 


Display '"' *«* ex - ''"'! 


Load speed dial no. 


Define address to be entered 


Enter data 


DEK DK DIC IC DIC DEC KK CHC DK CIC HK IC DC DCC IKK HCC DECC I IC HCH CK DIK OIC DC ICC DIC IK IC DIC 2G DK CK DKK DICK 3K 


*K 


* 
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CO7T16 OK NAME =: PREPARE FOR REDIALING <MOD100>» 


00717 * 

0O71i8 ERT TRS Rae me ee Ree Tee TT eer 
00719 ~~ 2 | * 
00720 > ENTRY : WAITS, MEMO « 
00721 * RETURNS : LCDM,. 8B2R. WAITS * 
00722 * * 
00723 (OOOO IO OOOOOOOOOOOGOR OOOO IO OKI KKK 
00724 O08B2 08 BO 2A MOD100 BRSET 4.,WAIT3.MOD103 Output tone? 

00725 O8BS B6 42 LDA FLAG Clear display 

00726 O8B7 A4 35 AND #$35 

00727 O8B9 B? 42 STA FLAG 

00728 O8BB CD 1966 JSR -LCDMCR 

00729 O8BE CD 110E JSR LCD 

00730 O8C1 AE OA LOX #10 

00731 O08C3 06 144B MOD101 LDA DIANO1-1.X ODisplay "REDIAL" 

00732 O08C6 E? 71 STA LCDM, X 

00733 O8C8 SA DEC X 

00734 O08C9 26 F8 BNE MOD101 

0073S O8CB SF CLR X 

00736 O8CC D6 0100 MmMO0D102 LDA MEMO. X Display number 

00737 O8CF E7 85S STA LCDM+20. xX 

00738 08D1 E? 99 STA DIALNO,X 

00739 0803 SC INC X 

00740 O08D4 AZ 14 CPX #20 

00741 O8D6 26 F4 BNE MOD102 

00742 08D8 CD 110E JSR LCD 

00743 O08DB 12 4F BSET 1,B2R Set tone output request flag 
00744 O8DD 18 BO BSET 4,WAIT3 Set tone outputting flag 
0074S O8DF 81 MO00103 RTS 

00746 * 

00747 FORIOO OOOO OOOO OROIOIORI ORO IOIOKOKOK KOK KK 2K 2K 2K 2K 2K 0K 
00748 * x 
00749 * NAME > PREPARE FOR RETRYING (MOD110) x 
00750 * * 
00751 FOO OOK OOOO IOI OOOO IO OOK IK KKK IOI OK IOIOK IK 
007S2 *« > 
00753 * ENTRY > WAIT3. MEMO * 
00754 * RETURNS : LCDM, BZRFLG. WAIT3 * 
0075S > * 
00756 FOO OOOO OOOO IORIOOOO ORO OOK OK IOK KOK KOKO KK KOK 
007S7 O8EO 08 BO 2A M0D110 BRSET 4.WAIT3.M0D0113 Output tone? 

00758 O8E3 Bé 42 LDA FLAG Clear display 

00759 O8ES AG 35 AND #$35 | 

00760 O8E? B? 42 STA FLAG 

00761 O8E9Y CD 1966 JSR LCDOMCR 

00762 O8EC CD 110E JSR LCD 

00763 O8EF AE OE LDX #14 

00764 O8F1 D6 1ASS MmOD111 LDA DIANO2-1,X Display "RETRY" 

0076S O8F4 E? 71 STA LCDM.X . 

00766 O8F6 SA DEC X 

00767 O8BF? 26 F8 BNE MOO111 

00768 O8F9 SF CLR X 

00769 O8FA D6 0100 M0D112 LDA: MEMO, X Display number 

00770 O8FD E7? 8S STA LCOM+20, X 
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00771 O8FF E?7 99 STA DIALNO.X 


00772 0901 SC INC x 

00773 0902 AZ 14 CPX #20 

00774 0904 26 F4 BNE MO0112 

0077S 0906 CD 110E JSR LCD 

00776 0909 18 BO BSET 4,WAIT3 Set tone outputting flag 
00777 090B 10 GE BSET O,.BZRFLG Set retry request flag 
00778 0900 81 MOD113 RTS 

00779 * 

00780 OOOO OOOO OOOOIOIOIOOR I OIOIOKOOOROOK OOOO OOO OKO OOK OK KOK 
00781 »* >» 
00782 > NAME > PREPARE FOR NORMAL DIALING * 
00783 * (€MOD120) * 
00784 »* *K 
0078S FOO ORO OOOO OOOO OOK IOROK IORI OK OHH OK 
00786 x 
00787 »* ENTRY >: WAITS * 
00788 2K RETURNS : LCDM, CURADP. MEMO. BZ2R * 
00789 * * 
00790 OOOO ROO OOOO OO OOOO IO IOI OKI OK OOK IOI OKIOK 
00791 O9S0E O08 BO 17 MOD120 BRSET 4.WAIT3.M00121 Output tone? 

00792 0911 Bé6 42 LDA FLAG Clear display 

00793 0913 A4 35 AND #$35 

00794 0915 B? 42 STA FLAG 

00795 0917 CD 1966 JSR LCDMCR 

00796 O91A CD 110E JSR LCD 

00797 O91D A6 02 LDA #$2 | 

00798 O91F B7 40 STA LCDMP Set cursor position 

00799 0921 3F 4B CLR CURADP 

00800 0923 CD 1476 JSR MEMCLR Clear RAM for redialins 
00801 0926 12 4F BSET 1,B2R Set tone output request flag 
00802 0928 81 MOD121 RTS 

00803 * 

00804 OOOO OOOO OOO OK IOI OOK IO OK OOK IO IK OOK KOK K KOK KKK KOK 
0080S > > 
00806 >» NAME > SET CALENDAR & TIME (MOD130> = »* 
00807 >» > 
00808 OOOO OOOO ICO IOK OOOO KOR IO IOK FOR KOK I KOK KOK KKK KOK IK 2K IK 
00809 > * 
00810 ENTRY >: WAIT3. TRMFLG. LCOM 
00811 OK RETURNS : FLAG, LCOM, CALNOR * 
00812 * * 
00813 POCO IOOOOIOOR IORI OOOO OK IORI KK IOK KOK IK KOK KK 2K KK 2K 
00814 0929 08 BO 28 MOD130 BRSET 4.WAIT3.M00134 Output tone? 

0081S 092C Bé 43 LDA TRMFLG Check process flag 

00816 O92E 26 10 BNE MOD132 

00817 0930 Bé 42 MOD131 LDA FLAG If 0, clear display 

00818 0932 A4 35 AND #$35 

00819 0934 B? 42 STA FLAG 

00820 0936 CD 1491 JSR SHUCAL 

00821 0939 CD 110E JSR LCD 

00822 093C 3C 43 INC TRMFLG 

00823 O93E 20 14 BRA MOD134 

00824 0940 Ail 01 MOD132 CMP #$1 

00825 0942 26 02 BNE MOD133 
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00826 
00827 
00828 
00829 
00830 
00831 
00832 
00833 
00834 
00835 
00836 
00837 
00838 
00839 
00840 
00841 
00842 
00843 
00844 
0084S 
00846 
00847 
00848 
00849 
00850 
00851 
008S2 
00853 
00854 
00855 
00856 
00857 
008S8 
00859 
00860 
00861 
00862 
00863 
00864 
00865 
00866 
00867 
00868 
00869 
00870 
00871 
00872 
00873 
00874 
00875 
00876 
00877 
00878 
00879 
00880 


1094 


0944 
0946 
0948 
094A 
0940 
O94F 
0951 
0954 


0985 
0957 
0989 
O9S5B 
0950 
O9SF 
0962 
0965S 
0967 
O96A 
096C 
O96E 
0971 
0973 
0975S 
0978 
097A 
O97C 
O97F 


0980 
0982 
0983 
0986 
0987 


AE 
GF 
D? 
SA 
26 


04 
0130 
FO 


BRA MO0D134 to 
MOD133 CMP #$2 If 2, set calendar & time 

BNE M0D0136 

JSR CALSHU 

LDA TRMFLG 

BEG MO0D131 
MOD136 JSR END 
M0D134 RTS 
* 
DHE IK HC DECC NC IK IK CK I HOCH HOOK IC IK HOHE IC HOCH IC IC HOOK HCI ICICI ICI ICH KCK OIC IC 
* * 
* NAME > SET RATE FOR CHARGE ¢(MO0D140)~ x 
* * 
SOOO OOK OROIOIOR OOOO OOK OOOO OK OOKIOIOK KO IO IOKOK IOI OOK MOK IOK IK 
* * 
* ENTRY > TRMFLG. LCOM * 
> RETURNS : FLAG. LCDM., ADDRAT. SEC > 
* 5 


DIG DC IC 2K IK CK IC IC IC IC IC IC IK IC COI DK IC IC IC DK DIC IC DIC IK ORCI OIC OC ICDC OC ICC IK 2 2 DK DK 2K 2K CK 2K OK 


MOD140 LDA TRMFLG Check process flag 

BNE MOD142 
MO0D141 LDA FLAG 

AND #$35 

STA FLAG Clear display 

JSR CRGSET 

JSR LCD DiapLay current charge 

~ INC TRMFLG 

JMP M0D144 
MO0D142 CMP #$1 

BNE M0D143 

JMP MO00144 
MOD143 CMP #$2 

BNE MOD145 

JSR RATSET Enter modified charge 

LDA TRMFLG 

BEQ MOD141 
MOD145 JSR END 
MOD144 RTS 
* 
DIK I DC CICK IC IK IK KK DIK IC ICC CCIE IC IC IC IC IC DK IK DIK DIC IC IK HC OIE CIC IK IC 3K IK 3 3K 3K IK IK KK IK IK KOK 
* * 
2K NAME > CLEAR ACCUMULATED CHARGE K 
* (MOD1S50) | * 
«K *K 
SOR IO ROR HOR HOR HOR OOO IOI OK HOR HOR ROR IORI IORI KOCK CICK KICK KIC IC 2K KK 
*K * 
* ENTRY > NOTHING * 
* RETURNS : TOTAL * 
* * 
DEC DIC CHC 2 DC 2 IC IC KC 2 AC ICCC 2 C2 CI 3 2 IC KCK 2 2 IC ECO IC 9K KCK 2 2 CHOI IC OK ACO OK 
MOD1SO LOX #4 ; 
MOD1S1 CLR A Clear TOTAL 

STA TOTAL-1.X 

DEC x 

BNE MOD1i51 
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00881 0989 81 


00882 
00883 
00884 
00885 
00886 
00887 
00888 
00889 
00890 
00891 
00892 
00893 
00894 
00895 
00896 
00897 
00898 
00899 
00900 
00901 
00902 
00903 
00904 
00905 
00906 
00907 
00908 
00909 
00910 
00911 
00912 
00913 
00914 
00915 
00916 
00917 
00918 
00919 
00920 
00921 
00922 
00923 
00924 
00925 
00926 
00927 
00928 
00929 
00930 
00931 
00932 
00933 
00934 
0093S 





098A CD 18DA 


098D 


O98E 
0990 
0992 
0994 
0996 
0998 
O99A 
O99C 
O99E 
O9A0 
O9AZ2 
Q9AS 
O9A8 
O9AA 
O9AC 
O9AE 
09B1 
O9B3 
0985 
O9B? 
O9B9 
O9BB 
O9BD 
O9BF 


81 


*K 


RTS 


FOO OOOO OKO OOK OOIOIOK OI OKOIOK HOOK OK IK CICK OIC ICI 24K KIC KK 


* 
* 
*K 


NAME 


END 


(MO0D160) 


* 
* 
*#* 


FORO OO OKO IOIOIOIOR OOK ORO IOK IOKOKOKOIOK OOK OK IOI IOK KK 


* 
* 
*« 
* 


ENTRY 


RETURNS : 


> NOTHING 


INTERNAL RAM 


* 
* 
* 
* 


SOKO OKO OKO OOOO OOO OOK OK OROIOIOK IOROOIOK HOR IOKOK IOOIOK KOK 2K HOK IK 


MOD160 JSR END Clear RAM 
RTS 

* : 
yOoKOKK = PROGRAM MODULE FOR CHECK INPUT DATA 9 >k}kkx 
* 
DIK KK ROCCO IC CIC IC ICC IC IC IC ICCC DK KICK IC CC IC IK IK CK CK 3K KC 2K 3K 2 ICC IC CK IK IK OK 
*K * 
>» NAME > CHECK FOR NORMAL DIALING * 
* (CCHEK1> >« 
*K *K 
DKK OK IK IK KK KK CK IC IK KK KK ICCC IK CICK IK IK IK IC KICK IKK CIC CC CK IC ICICI IC HOOK KK 21K 
*K * 
> ENTRY > KEYSET. WAITS. WAITS. LCDMP * 
>» DIAP1 »K 
>» RETURNS : DIALNO. DIADAT. MEMO. BZR * 
* WAIT3,. LCDM., DIAP1. LCDMP * 
* WAITS. CURADP. ERFLG >» 
* *K 
DK ICI OK IK IC IC IC KC CK CK ICC IC KK CK IK KCK IK CICK CIC IC IC IK DIC IK IC OK IC KIC IC KIC OK 

54 CHEK1 LDA KEYSET Key data = 'x« '' 9 

2A CMP #$2A 

11 BEQ CHK12 Key data =" # '" ? 

23 CMP #$23 

OD BEQ CHK12 Key data = 0-9? 

39 CMP $39 

04 BHI CHK11 

30 CMP #$30 

OS BCC CHK12 

BE CHK11 BSET O,ERFLG If not. buzzing 

OA1LF JMP CHK16 

BO 21 CHK12 BRSET 5S.WAIT3.CHK13 Prepared for tone output 

02 LDA #$2 

40 STA LCOMP 

4B CLR CURADP 

1476 JSR MEMCLR Clear RAM for redialing 

BO BSET S,WAITS 

40 LOX LCDOMP 

S4 LDA KEYSET 

71 STA LCDM. X 

98 STA DIALNO-1,.X Store key data in DIALNO 

FF STA MEMO-1.X 

40 INC LCDMP 

LIOE JSR LCD 
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00936 
00937 
00938 
00959 
00940 
00941 
00942 
00943 
00944 
00945 
00946 
00947 
00948 
00949 
00950 
00951 
00952 
00953 
00954 
00955 
00956 
00957 
00958 
00959 
00960 
00961 
00962 
00963 
00964 
00965 
00966 
00967 
00968 
00969 
00970 
00971 
00972 
00973 
00974 
00975 
00976 
00977 
00978 
00979 
00980 
00981 
00982 
00983 
00984 
00985 
00986 
00987 
00988 
00989 
00990 


1096 


O9C2 
O9C4 
09C6 
O9C9 
O9CC 
O9CF 
0901 
O9D3 
O9D5 
O9D7 
O9D9 
O9DB 
O9DD 
O9DF 
O9E1 
O9E4 
O9E? 
O9E9 
O9EB 
O9ED 
OSEF 
O9F1 
O9F3 
O9F6 
O9F8 
O9FA 
USEC 
O9FE 
OAO0O 
OA02 
OA0N4 
OA06 
OA0D8 
OAODB 
OAOD 
OAOF 
0A11 
OA13 
OA1S 
OA17 
OA19 
OA1B 
OA1D 
OAI1F 


GF 
BO 
OALF 
B2 3F 
B2 18 
BO 

40 

16 

10 

S4 

71 

98 

FF 

40 
110 
OAI1F 
B2 

54 

BC 

B7 

40 

71 
110E 
BC 

BC 
04. 
02 

BC 

40 


BSET 1,.B2R Set tone output request flag 
BSET 4,WAIT3 Set tone output flag 
JMP CHK16 
CHK13 BRSET ¢.WAITS,CHK1S Display full? 
BRSET 3,.WAITS,.CHK14 2i1st digit? 
BSET 5,WAITS 
LDX LCOMP 
CPX #22 
BEQ CHK14 
LDA KEYSET 
STA LCOM.X 
STA DIALNO-1.X Store Key data in DIALNO 
STA MEMO-1,X 
INC LCDMP 
JSR LCD Dispay Key data 
JMP CHK16 
CHK14¢ BSET 3,WAITS 
LDA KEYSET 
LDX DIAP1 
STA DIADAT.X Store key data in DIADAT 
LOX LCOMP 
STA LCDM,. X 
JSR LCD Display Key data 
INC DIAP1 
LDA DIAP1 
CMP #4 Buffer full? 
BNE CHK17 
CER DIAP1 If so, clear buffer pointer 
CHK17 INC LCDOMP Tf not. increment buffer pointer 
LDA LCOMP 
CMP #40 Display full? 
BEQ CHK15 
JMP CHK1i6 
CHK15 BCLR 3,WAITS If so. define flag 
BSET 4,WAITS 
LDA KEY SET 
LDX DIAP1 
STA DIADAT.X Store Key data in DIADAT 


INC DIAP1 
LDA DIAP1 
CMP #G Buffer full? 


BNE CHK16 

CLR DIAP1 If so. clear buffer pointer 
CHK16 RTS 
* 


DK IC DIE IK DIK DIK CK KC ICI IK IC IK 24 IC ICICI KC 24K DEK 2K IC IK DIK IK DIC IC 4K DIK DK DIC IK 2K HC IC CK IK KC 2K IC OK 2K 2K 


* x 
* NAME > CHECK FOR SPEED DIALING * 
>» (CHEK2) * 
* * 
DH DC DC IC HC DC DK DK DK OK DC DC IK DIK DK 4K DC 2K DK DK 3K DIK 2K DIC 24K IC DK DC 2K EC DIC IK DIK DC DIK IK DIK DEC IC DIK DIC CK 2K 2K 2K 2K 2 
*« * 
* ENTRY > KEYSET,. TRMFLG * 
* RETURNS : CURADP., LCDM. ERFLG. BZR * 
* LCDMP * 
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00991 
00992 
00993 
00994 
00995 
00996 
00997 
00998 
00999 
01000 
01001 
01002 
01003 
01004 
01005 
01006 
01007 
01008 
01009 
01010 
01011 
01012 
01013 
01014 
01015 
01016 
01017 
01018 
01019 
01020 
01021 
01022 
01023 
01024 
01025 
01026 
01027 
01028 
01029 
01030 
01031 
01032 
01033 
01034 
01035 
01036 
01037 
01038 
01039 
01040 
01041 
01042 
01043 
01044 
01045 


OA20 
OA22 
OA24 
OA26 
0A28 
OA2A 
OAZC 
OA2E 
0A30 
OA32 
0A34 
OA36 
0A38 
OA3A 
OA3C 
OA3F 
OA42 
OA44 
OA46 


0A47 
OA49 
OA4B 
OA4D 
OA4F 
OAS1 
OAS3 
OASS 
OAS? 
OAS9 
OASB 
OASD 
OASF 
OA61 
OA63 
OA6S 
OA67 
OA69 
OA6B 
OA6D 
OA6F 
OA7I1 


Bé 
26 
Bé 
B? 
Al 
22 
Al 
24 


Bé 


* * 
FROKOOOK OOK OOK OOK OOIOOOOIOIOK OOK OK OOO OK IORI OK OOK HOOK KOK 1OKOK 2K 2K 


CHEK2 LDA TRMFLG Check process flag 
BNE CHK23 
LDA #$9 If 0. set cursor position 
STA LCDMP 
LDA HSA 


STA CURADP 
LDA KEYSET 


CMP HS39 
BHI CHK 22 Key data=0O-9 7% 
CMP #$30 


BCC CHK21 
BRA CHK22 


CHK21 LDA KEYSET If so. display number 
STA LCDM+9 
JSR LCD 


JSR MODE 2 
BRA CHK23 


CHK22 BSET O,ERFLG If not, buzzing 

CHK23 RTS 

*« 

OOOO OOOCOROOOOORIOO OOOO OR OOK IO IOKOK OIOK 
* »* 
* NAME > CHECK FOR ENTERING SPEED DIAL x 
* ) NUMBER (CHEK3) * 
* * 
FOTO IOC OOOO OOK IOI IOK OK KK KIO KOK K 
* »* 
* ENTRY KEYSET. TRMFLG, LCOMP. CURADP x 


> RETURNS : LCOM. ERFLG. CURADP. LCOMP * 
* * 
2K OKI OOK OK OIOROKOKOK ROK ROR OIRO HOR OIOIOIOOICK IK HOI IOI IOI OIC III OOK 2K 
CHEK3 LDA TRMFLG Check process flag 

BNE CHK31 

LDA KEYSET 

STA LCDM+9 


CMP #$39 Speed dial no.= 0-97 
BHI CHK3S 
CMP #$30 


BCC CHK34 
BRA CHK35 


CHK31 LDA KEYSET Key data="' * " ? 
CMP HS2A 
BEQ CHK32 
CMP #$23 Key data =" # " ? 
BEQ CHK32 
CMP #$39 Key data = $30 - $39 7 
BHI CHK35 
CMP #$30 
BCC CHK32 
BRA CHK35 
CHK32 INC CURADP 
LDX LCDMP 
LDA KEYSET 
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01046 
01047 
01048 
01049 
010S0 
01051 
01052 
010S3 
01084 
0105S 
01056 
01057 
01058 
01059 
01060 
01061 
01062 
01063 
01064 
01065 
01066 
01067 
01068 
01069 
01070 
01071 
01072 
01073 
01074 
0107S 
01076 
01077 
01078 . 
01079 
01080 
01081 
01082 
01083 
01084 
0108S 
01086 
01087 
01088 
01089 
01090 
01091 
01092 
01093 
01094 
01095 
01096 
01097 
01098 
01099 
01100 


1098 


OA73 
OA7S 
OA?? 
OATS 
OA7B 
OA7D 
OA7E 
OA80 
OAB2 


OA84 


OA8? 
OA89 
OA8B 


OA8C 
OA8E 
OA90 
OA92 
0A94 
OA96 
OA98 


OASA - 


OA9SC 
OASE 
OAAO 
OAAZ 
OAA4 
OAAS6 
OAA8B 
OAAA 
OAAC 
OAAE 
OABO 
OAB2 
OAB4 
OABS6 
OABS 
OABA 
OABC 
OABE 
OACO 
OACZ2 
OAC4 
OACS6 


71 
4B 
2? 
O07 
4B 


40 
02 
40 
110€ 
02 
BE 


CHK33 
CHK34 


CHK3S 
CHK36 
*K 


STA 
LDA 
CMP 
BCS 
STA 
DEC 
STA 
BRA 
INC 
JSR 
BRA 


BSET 


RTS 


LCDM.X 
CURADP 
#39 
CHK33 
CURADP 
A 


LCDMP 


CHK34 
LCDMP 
LCD 

CHK36 


O,ERFLG 


Store Key data in LCOM 
Cursor position > 39 ? 


If so. stop cursor position 


If not. increment cursor position. 


If invalid data input, buzzing 


DIC DK DCI IK IC CC CHICO IK ICC ICI IC COICO IC IK DCC IC IC DC CK DC CC ICI ICCC IC 2 ICO CCK 


* 
* 
* 
* 


NAME 


*K 


: CHECK FOR TELEPHONE NUMBERS x 


(CHEK4) * 
* 


DK IC DIK DRC IK DIK IC DC IK ICC IC I IK ICICI DC IC IK CICK CK IK DC 2K IC OK OIC ICC ICICI DK ICC IC I IC IK OK I OICOOK 


«K 
*K 
* 
* 


ENTRY 
RETURNS 


* 


> KEYSET, LCDOMP., MODOFLG * 
>: ERFLG. LCOM, LCDMP. CURADP * 


* 


OOK OI OOOOIOROKIOIOR IOI OROIOIOI OI OK ORO IO OK HOR FOK FOR HOR HOR OHO OK HOOK 


CHEK4 


CHK42 


CHK43 


LDA 
CMP 
BHI 
LDX 
LDA 
STA 
INC 
INC 
BRA 
LDA 
CMP 
BEG 
CMP 
BEG 
CMP 
BHI 
CMP 
BCC 
LDA 
CMP 
BNE 
LDA 


(CMP 


BEQ 
BRA 
LOX 
LDA 
STA 
LDA 
CMP 


LCDMP 
#19 
CHK42 
LCDMP 
KEYSET 
LCDM.X 
LCDMP 
CURADP 
CHK4S 
KEYSET 
#$2A 
CHK43 
#$23 
CHK43 
#$39 
CHK46 
#$30 
CHK43 
MODFLG 
#S6 
CHK46 
KEYSET 
#$20 
CHK43 
CHK46 
LCDMP 
KEYSET 
LCDM. xX 
CURADP 
#39 


Cursor positon > Line 207 


Process for Line 1-20 


Store key data in LCDM 


Process for Line 21-38 


Key data = '"'*« "' ? 


Key data gee - anes 


Key data = 0-9 7 


Modify data? 


If so. SP is valid data 


Cursor position > Line 397 
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01101 
01102 
01103 
01104 
0110S 
01106 
01107 
01108 
01109 
01110 
01111 
01112 
01113 
01114 
01115 
01116 
01117 
01118 
01119 
01120 
01121 
01122 
01123 
01124 
01125 
01126 
01127 
01128 
01129 
01130 
01131 
01132 
01133 
01134 
01135 
01136 
01137 
01138 
01139 
01140 
01141 
01142 
01143 
01144 
01145 
01146 
01147 
01148 
01149 
01150 
01151 
01152 
01153 


01154. 


OLTSS 


OACB8 
OACA 
OACC 
OACD 
OACF 
OAD1 
OAD3 
OADS 
OAD8 
OADA 
OADC 


OADD 
OADF 
OAE1 
OAE3 
OAES 
OAE? 
OAES 
OAEB 


OAED: 


OAEF 
OAF 1 
OAF3 
OAFS 
OAF? 
OAF9 
OAFB 
OAFD 
OAFF 
OBO02 
0605 
OBO? 
OBOA 
OBOD 
OBOF 
0811 


ZS 
B? 
GA 
B? 
20 
BC 
SC 
CD 
20 
10 
81 


O07 
4B 


40 


40 
4B 
110E 
02 
BE 


BCS CHK44 

STA CURADP 

DEC A 

STA LCDMP 

BRA CHK4S 
CHK44 INC LCOMP Increment cursror position 

INC CURADP 
CHK4S5 JSR LCD Display figures 

BRA CHK47 
CHK46 BSET O.ERFLG If invalid data input. 
CHK47 RTS 
*« 
FOOOIOOIOK OOOO OOOO OIOOIO OI OR OOK OR IOK ROK IOI OOK KKK IOK KK 
* * 
2 NAME >: CHECK FOR CALENDAR & TIME. * 
* CHARGE CCHEKS) >» 
* * 
FOO OOOO OOK OOO IO OR OOK OK OI OK KOK KOK IOK 
* * 
*« ENTRY > KEYSET. TRMFLG. MODFLG > 
> RETURNS : ERFLG. LCOM, LCOMP. CURADP »* 
* * 


FROIOIO OK OK OOOO OOOO OK IOROK OK OK OR IOFOR OK IOOHOR HOROK HOOK IK HCOK 22K 


CHEKS LDA KEYSET Key data = 0 - 93? 
CMP #$39 
BHI CHKS3 
CMP #530 
BCC CHKS1 
BRA CHKS3 
CHKS1 LDX LCDMP Store Key data in LCDM 
LDA KEYSET 
STA LCOM. X 
LDA TRMFLG 
CMP #1 
BNE CHKSF 
INC LCDMP 
INC CURADP 
LDA MODOFLG 
CMP #S$D 
BNE CHKS2 
JSR CURCAL Define cursor position for 
JSR LCD -setting calendar & time 
BRA CHKSF 
CHKS2 JSR CURRAT Define cursor position for 
JSR LCD -setting charge 
BRA CHKSF 
CHKS3 BSET O.ERFLG Set error process request flag 
CHKSF RTS 
* 
DIK IC DIK DIK IC IC CHK 3K IC IKK CK CICK IC IK CIC I CK KK CCK 2K 2K DK IC 3K IK IK IC KKK KICK 
* * 
*« NAME > MOVE CURSOR TO RIGHT OR LEFT x 
* CCURLR) > 
K *K 


DKK IK OK OK OKC OKC IK KOK CK IC OK KIC CKO CK OIC KOK CICK DICK KOK OK OK 2K 
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buzzer 
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01156 
OLS? 
01158 
01159 
01160 
01161 
01162 
01163 
01164 
0116S 
01166 
01167 
01168 
01169 
01170 
01171 
01172 
01173 
01174 
01175 
01176 
01177 
01178 
01179 
01180 
01181 
01182 
01183 
01184 
01185 
01186 
01187 
01188 
01189 
01190 
01191 
01192 
01193 
01194 
01195 
01196 
01197 
01198 
01199 
01200 
01201 
01202 
01203 
01204 
01205 
01206 
01207 
01208 
01209 
01210 


1100 


0B12 
OB15 
0B17 
OB19 
0B1B 
0B1D 
OB1F 
0B21 
0B23 


QOB25 


0828 
0B2B8 
OB2E 
0B30 
0B32 
OB34 
0B37 
OB3A 
OB3D 
OB3F 
0B41 
0B44 
0B46 
0B48 
OB4A 
OB4C 
OB4E 
OBSO 
OBS2 
OBS4 
OBS6 
OBS9 
OBSB 
OBSD 
OBSF 
OB6é1 
0B63 
OBé6éS 
0B67 
OB69 
0B6B 
OB6E 
OB71 


x *¥ *%¥ * 


* 


ENTRY 


RETURNS 


> KEYDAT. FLAG, BZRFLG. MOOFLG x 
TRMFLG, WAIT3, LCOMP., CURADP x 

: LCDOM, LCDMP, CURADP * 
: »* 

* 


DC HC DIK DC IC KC IC 2K HK IC IK CC 2K HC CICK CI 2 2 2K IC CII CK CIC ICICI 2K KKK IK COICO OK 


CURLR 


CURLR2 


CURLR3 


CURLR4 


CURLRS 
CURLR6 
CURLR? 


CURLR8& 


CURLR9 
CURLRA 
CURLRF 
* 


BRSET 
LDA 
CMP 
BEQ 
CMP 
BEG 
LDA 
CMP 
BNE 


‘BRSET 


BRSET 
JSR 
BRA 
CMP 
BNE 
BRSET 
BRSET 
JSR 
BRA 
DEC 
JSR 
BRA 
LDA 
CMP 
BNE 
DEC 
DEC 
BRA 
INC 
INC 
JSR 
BRA 
LDA 
CMP 
BNE 
DEC 
DEC 
BRA 
INC 
INC 
JSR 
JSR 
RTS 


4,WAIT3,CURLRF Output tone? 
MOOFLG 
#$D 
CURLR4 
#SE 
CURLR? 
KEYDAT 
#$29 
CURLR2 
1,FLAG,.CURLRF 

7,B2RFLG.CURLR3 

LFCRSR Move cursor to Left? 
CURLRF 

#S2A 

CURLRF 

1,.FLAG.CURLRF 

7,BZ2RFLG.CURLR3 

RTCRSR 
CURLRF 
TRMFLG 
MODE2 
CURLRF 
KEYDAT 
H$29 
CURLRS 
LCDMP 
CURADBP 
CURLR6 
LCDOMP 
CURADP 
CURCAL 
CURLRA 
KEYDAT 
#H$29 
CURLR8 
LCOMP 
CURADP 
CURLR9 
LCDMP 
CURADP 
CURRAT 
LCD 


Set calendar & time? 
Set charge ? 


If not. move cursor normally 


Search data 


Move cursor for setting calendar & time 


Move cursor to Left 


Move cursor to right 


Move cursor for setting charge 


Move cursor to Left 


Move cursor to right 


DCC HC IC DIC 4 DK DK IK IC I IK COKE ICC KC CDK DC CC CK IK KC CC IK IK 246 DK 2K DIC OIC OIC IC IK I IK 3K IC I CIC OK 


*K 


* 
*K 
*K 


NAME 


* 


> MOVE CURSOR TO 21ST DIGIT 


K 
CMVECUR) > 
* 
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01211 
01212 
01213 
01214 
01215 
01216 
01217 
01218 
01219 
01220 
01221 
01222 
01223 
01224 
01225 
01226 
01227 
01228 
01229 
01230 
01231 
01232 
01233 
01234 
01235 
01236 
01237 
01238 
01239 
01240 
01241 
01242 
01243 
01244 
01245 
01246 
01247 
01248 
01249 
01250 
01251 
01252 
01253 
01254 
01255 
01256 
01257 
01258 
01259 
01260 
01261 
01262 
01263 
01264 
01265 


OB?2 
OB7S 
OB?77 
OB79 
OB7A 
OB7C 
OB?F 


OB80 
OB82 
0B84 
OB86 
0B89 
OB8C 


OB8D 
OB90 
OB93 
OB96 
0B98 
OB99 
OB9B 
OB9D 
OB9F 


08 
AS 
B? 
4C 
B? 


81 


BO OA 
14 
40 


4B 
110€ 


09 
FA 


OB8D 
OBDB 


ROOK OOKOIOK IOI HOR OOK IOKOHOFOHOROI HORI IORORORC HOHE IOI ICICI IK IK IC KICK KOK 2K 


* * 
»* ENTRY > WAITS * 
* RETURNS : LCDMP. CURADP * 
* * 


OOOO OOK IOC OOO OOOO IORIOOOIOIOK ORK OK HOK IK 
MVECUR BRSET 4.WAIT3,.MVECUF Output tone? 


LDA #20 Move cursor on 2ist digit 
STA LCDMP 
INC A 
STA CURADP 
JSR LCD 
MVECUF RTS 


* 
HOHOKK PROGRAM MODULE FOR TIMER ooo ook OK 
2K 
* 
OOOO OOO IOOIOK IOOICIOIIOIOIOK OOK OK KOK IORI OK IK 2K KOK IKK KOI 


* * 
NAME > CONTROL TIMER] CTIMER1L> 2 
* * 
DK CEE CC ICC IC HC ICRC IC OI CC ICC OK IC IK ICICI CIC CIE IC IC IC IC IC IC OIC IK IK HCI OICIC K 
* »* 
> ENTRY : NOTHING * 
x RETURNS : NOTHING * 
* »* 


FOR OOOO OOOO OOK OR IOI I IOI IOI IK KOK IOK 
TIMER] BCLR 7.7TCR 


LDA HSFA 

STA TDR 

JSR BUZC 

JSR FIGURE 

RTI 
* 
FOO OI OOO OOOO OOOO IOC OOK IO IOOK IOIOK KOK IKK KOK IK 
x x 
* NAME : COUNT BUZZING TIME (BUZC) * 
* * 
SOIOOOOOOOOCOROOOOOKOOOIOIOOIIOOK IIOOK OOK OOK IOI IOOK IK 
x * 
»* ENTRY > BZRFLG. BZRCNT. ERR1. ERRZ > 
X* WAITS * 
* RETURNS : B2RFLG. BZRCNT. ERR1. ERRZ * 
FLAG. WAITS * 
* * 


FOR OOO OOO OOOO OOOO I I IOK I IOI IOK OK 
BUZC BRSET 3,B2RFLG.BUZC1 Test it buzzer end 
BRSET 7?.WAITS.BUZC2 


JMP BUZC6 
BUZC1 LDX BZRCNT+1 Count buzzer time 
DEC X 
STX BZRCNT+1 
CPX #0 


BNE BUZC2 
LDA BZRCNT 
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01266 
01267 
01268 
01269 
01270 
01271 
01272 
01273 
01274 
01275 
01276 
01277 
01278 
01279 
01280 
01281 
01282 
01283 
01284 
01285 
01286 
01287 
01288 
01289 
01290 
01291 
01292 
01293 
01294 
01295 
01296 
01297 
01298 
01299 
01300 
01301 
01302 
01303 
01304 
01305 
01306 
01307 
01308 
01309 
01310 
OiSi2 
01312 
01313 
01314 
01315 
01316 
01317 
01318 
01319 
01320 
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OBA1 
OBAS 
OBA4 
OBA6 
OBA8 
OBAA 
OBAC 
OBAE 
OBBO 
OBB3 
OBBS 
OBBé 
OBB9 
OBBC 
OBBF 
OBC1 
OBC2 
OBCS 
O8C? 
OBC9 
OBCC 
OBCF 
OBD1 
OBD3 
OBDS 
OBD? 
OBDA 


OBDB 
OBDD 
OBDF 
OBE1 
OBE3 
OBES 
OBES 
OBEC 
OBEF 
OBFO 
OBF3 
OBF6 
OBF9 
OBFC 


BUZC3 
A 


BZRCNT 
HSFF 


BZRCNT+1 


BUZC2 


3,B2RFLG Count display time 


7 WAITS 


ERR1 
BUZCS 
A 

ERR1 
BUZC6 
ERR2 
BUZC6 
A 

ERR2 
#1 
BUZC4 
LCOMCR 
LCD 
1,FLAG 


WAITS 


BUZC6 
HOFF 
ERR1 


Define flag for calendar & time 


JOKOIOROKOIOIOKOKOROROKOK KOK OKO OI OIOOIOR OK OI FOR OK ROR IOROK IOKOIOK OK HOOK OKO HOOK HOOK 


* 


: COUNT TIME FOR DIALING * 
INFORMATION ON LCD (FIGURE) x 


*K 


DIC IC > DEC IK IC CK DC IC CK DK IC IK CEC OIC CICK IK 2K KK CC IK KHOI IOI HOKOIOHOK IK OK 2K OK 


TEL, 


* 


TCNTR, TELFLG, FLAG. CALNOR * 
SINGL. TOTAL 
TCNTR, CALNOR., TEL. SINGL * 


TOTAL, LCDOM, CURADP. SECCNT * 


* 


DDI OK CD IC KC HC OKC COC CC 2K CIC CCH I KIO IOOK 2K 2 2K KC IC ICC 2 KOKO OK 2K OK 2K 2K 


09 BEQ 
DEC 
4C STA 
FF LDA 
4D STA 
04 BRA 
4E BUZC3 BCLR 
B2 BSET 
013B BUZC2 LDA 
BEG 
DEC 
0138 STA 
OBDA JMP 
013C BUZCS LDA 
19 BEQ 
DEC 
013C STA 
01 CMP 
Oc BNE 
1966 JSR 
110E JSR 
42 BSET 
B2 BCLR 
= BRA 
FF BUZC4 LDA 
0138 STA 
BUZC6 RTS 
* 
* 
x NAME 
x* 
K 
* 
x ENTRY 
* 
x RETURNS : 
*K 
*K 
70 FIGURE DEC 
45 BNE 
2D LDA 
70 STA 
11E4 JSR 
44 OD BRCLR 
1489 JSR 
17B1 JSR 
CLR 
0135 STA 
0136 STA 
44 06 FIG1 BRCLR 
11EA JSR 
1SCE JSR 


TCNTR Decrement 1-second counter 
FIG8 l-second? 
#$7D Reinitialize il-second counter 
TCNTR 
YERCNT Count calender 
O,TELFLG.FIG1 Hand-set up? 
TELCLR Clear elapsed time 
SNGCLR Clear charge 
A 
SECCNT Clear charge time counter 
SECCNT+1 
1,TELFLG.FIG2 Talking? 
TLONT Count elapsed time 
MONEY Count charge 
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01321 OBFF O02 42 OB FIG2 BRSET 1,.FLAG.FIG3 Display calendar & time? 


01322 OCO02 06 42 OD BRSET 3.FLAG.FIG4 Elapsed time? 

01323 OCOS OC 42 OF BRSET 6,.FLAG.FIGS Accumulated charge? 
01324 O0CO8 OE 42 11 BRSET 7.FLAG.FIG6 Charge? 

01325 OCOB 20 17 BRA FIG8 

01326 OCOD CD 1258 FIG3 JSR CALLCD Load calendar & time data 
01327 0C10 20 OD BRA FIG? 

01328 OC12 CD 1267 FIG4 JSR TELLCD Load elapsed time data 

01329 0C1S 20 08 BRA FIG? 

01330 0C17 CD 16CD FIGS JSR TOLSTA Load accumulated charge data 
01331 OC1A 20 03 BRA FIG? 


01332 OC1C CD 167E FIG6 JSR SNGSTA Load charge data 
01333 OC1F 3F 4B FIG? CLR CURADP Cursor OFF 


01334 0C21 CD 110€E JSR LCD Display information 
01335 0C24 81 FIG8 RTS 
01336 *« 
01337 OOK PROGRAM MODULE FOR TIMER2 = eo OOK KKK 
01338 * 
01339 * 
01340 OOOO IOR OOOO OOOIOROKOOIOIOROOOORIOR IO IO OOK HOR HOR HOR HOR IOK 
01341 * * 
01342 * NAME : CONTROL TIMER2 CTIMER2) *K 
01343 »* * 
01344 OOO OOOO OK OK IOOOOORIOIOR OOK IO OOO OOK OK IOI OK OK KOK KOK IK 
01345 * * 
01346 »« ENTRY > NOTHING *« 
01347 *K RETURNS : NOTHING * 
01348 * * 
01349 ROR OIOIOIOK IK KOROHORC KOK HOI IK 21 ORCC KICK CICK IK IK ORC IOK 2K KOI ICHOOK 2 IC OOK 9 
01350 0C2S5 10 11 TIMER2 BCLR 6. SSR 
01351 O0C27 CD 0C31 JSR K88SCN 
01352 OCZ2A CD OC9S JSR BUZZ 
01353 0C2D CD OCAF JSR TELMN 
01354 0C30 80 RTI 
0135S *K 
01356 OIOI OOOO IO OOK ORO OOOO OR OOK OOK OK IOK IOI KOK 
01357 * a 
01358 *« NAME > KEY SCAN CK88SCN)D »*K 
01359 * * 
01360 OOOO OOK OOOO OKO OK FORK OOOO OK IO OK HOR IOK HOK IK 
01361 *« | * 
01362 « ENTRY >: NOTHING * 
01363 * RETURNS : KEYDAT, FLAG * 
01364 * »* 
01365 OOOO OOOO OOOO OOOO OOK IOI OK OK HO HOK IOK OOK 
01366 0C31 00 42 60 K88SCN BRSET 0O.FLAG.K88SN9 Test if there is Key data 
01367 0C34 A6 80 LDA #$80 Initialize strobe data 
01368 0C36 B7 SB STA STBDAT 
01369 0C38 A6 01 LDA #S01 Initialize key number 
01370 OC3A B7 SA STA KEYNUM 
01371 OC3C 3F S9 CLR TOTLKY Clear total Key 
01372 OCS3E 3F S6 CLR NEWKEY Clear new Key 
01373 0C40 Bé SB K88SN1 LDA STBDAT Output strobe 
01374 0C42 B? 06 STA PCDDR 
0137S 0C44 Bé OD LDA PGDTR Load Key data 
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U1L376 
01377 
01378 
01379 
01380 
01381 
01382 
01383 
01384 
01385 
01386 
01387 
01388 
01389 
01390 
01391 
01392 
01393 
01394 
01395 
01396 
01397 
01398 
01399 
01400 
01401 
01402 
01403 
01404 
01405 
01406 
01407 
01408 
01409 
01410 
01411 
01412 
01413 
01414 
01415 
01416 
01417 
01418 
01419 
01420 
01421 
01422 
01423 
01424 
01425 
01426 
01427 
01428 
01429 
01430 
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OC46 
0C48 
OC4A 
oc4c 
OC4E 
OcSO 
OCS2 
OCS4 
OCSé6 
OCS? 
OcS9 
OCSB 
OcSD 
OCSF 
0C61 
OC63 
OCé5 
OC67 
OC69 
OCé6B 
OCéD 
OC6F 
OC?1 
OC73 
OC7S 
OC’? 
OC79 
OC7B 
OC 7D 
0c80 
0C82 
OC84 
OC86 
OC88 
OC8A 
Oocsec 
OC8E 
OC90 
0C92 
OC94 


OC95 
0C98 
OC 9B 
OC9D 


O07 


Bé 
AG 


4E 
GF 
Oc 
BF 


14 


16 
OB 


K88SN2 
K88SN3 


K88SN4 


K88SNS 


K88SN6 


K88SN7 


K88SN8 


K88SN9 
*K 


CMP 
BNE 
LDA 
ADD 
STA 
BRA 
LDX 
STX 
LSR 
BCS 
INC 
LOX 
CPX 
BCS 
LDX 
STX 
INC 
DEC 
BNE 
LSR 
BNE 
LDA 
BEQ 
CMP 
BEG 
STA 
CLR 
BRA 
BRSET 
LDA 
AND 
CMP 
BEG 
INC 
BRA 
BSET 
LDA 
STA 
BSET 
RTS 


#SFF 
K88SN2 
#8 
KEYNUM 
KEYNUM 
K88SN5 
#8 
SCOUNT 
A 


K88SN4 
TOTLKY 
TOTLKY 
#1 

K88SN9 
KEYNUM 
NEWKEY 
KEYNUM 
SCOUNT 
K88SN3 
STBDAT 
K88SN1 
NEWKEY 
K88SN6 
OLDKEY 
K88SN7 
OLDKEY 
CHATFL 
K88SN9 


Test if Key is pressed? 


Store next Key number 


Store shift counter 


Test if Key is pressed 
Increment total Key 


Test if 2 keys are pressed 


Store Key data in new Key 


Increment Key number 

Decrement shift counter 

Test if shift 8 bits 

Output next strobe 

Test if stobe output is completed 


New Key = 0 ? 

New Key = old Key ? 
Branch if equal 

Store new Key in old Key 


Clear chatter counter 


7, CHATFL,K88SN9 Chatter generation? 


HSOF 
CHATFL 


#CMPNUM 


K88SN8 
CHATFL 
K88SN9 


Check Key data 


Increment chatter counter 


7,CHATFL Set flag for chatter prevention complete 


NEWKEY 
KEYDAT 
O.FLAG 


Store new Key in Key data. 


Set flag for valid key data 


DC OK DI DC DI DI DIC 24K 2 COC 24 IC OK 2K DIC DC OK 24K DIK DIK DIK DIC IC 3K 2 IK OK ICCC CC 2K IC CK COICO OK DIC IC IK KK 2 


* 
* 
* 


NAME : 


> 


BUZZING (BUZZ) * 


* 


SOCIO OR OOIOK OK OK IOFOIOK IOIOIOKOK OK OR OIOIOK HOF OK IORI ICOK IC HOOK OK 2k CIC IC 2K HOOK 


* 
* 
* 
*K 


ENTRY | 
RETURNS : 


* 


> B2RFLG. BZR * 


BZR 


* 
* 


OOOO OOO OOO OOK OOOO IO IOK IOI KOK KOK OK 
3,B2RFLG,BUZZ22 Output buzzer? 


BUZZ 


BRCLR 


- BRSET 


LDA 
AND 


0,B2R,.BUZZ1 


PFOTR 


#%10111111 


Check output condition 


Output Low 
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01431 
01432 
01433 
01434 
01435 
01436 
01437 
014338 
01439 
01440 
01441 
01442 
01443 
01444 
01445 
01446 
01447 
01448 
01449 
01450 
01451 
01452 
01453 
01454 
01455 
01456 
01457 
01458 
01459 
01460 
01461 
01462 
01463 
01464 
01465 
01466 
01467 
01468 
01469 
01470 
01471 
01472 
01473 
01474 
01475 


OC9OF 
OCA1 
OCA3 
OCAG 
OCA8 
OCAA 
OCAC 
OCAE 


OCAF 
OCB2 
OCBS 
OCB8 
OCBB 
OCBE 
OCCO 
OCC3 
OCCS 
OCC8 
OCCA 
OCCD 
OCCF 
OCD2 
OCD4 
OCD? 
OCD9 
OCDC 


01476 © 


01477 
01478 
01479 
01480 
01481 
01482 
01483 
01484 
$1485 


OCDD 
OCEO 
OCE3 
OCES 
OCE? 
OCEA 


B? 


CC 
Bé 
AA 
BY? 
11 
81 


Q2 


04 
02 


20 
CD 
20 
CO 
20 
CD 
20 
CD 
20 
CD 


CD 
81 


04 


i¢ 
12 
Ql 


OC 


OCAE 
Oc 
40 
OC 
4F 


03 04 
42 
42 


BUZZ1 


BUZZ2 
* 


STA 


BSET 


JMP 
LDA 
ORA 
STA 
BCLR 
RTS 


PEDIR 
0.B2R 
BUZZ2 
PPOTR 


Set flag to output High 


#%01000000 Output High 


PFOTR 
0O,.B2R 


Clear flag to output Low 


FOOOIOK OOO OOO OIOIOIOROOIOIOR OK OOK HOR OIOIOR OO OIOKOK KORO OK OKOK OHO KOI HOOK KK OK 


*« 
>» 
* 
* 


NAME 


»* 


CONTROL DIALING CIRCUIT > 


CTELMN) ”* 
»*K 


FOO IOIOK OOK OOK OR OIOIOR OOK OK OK OROIOK KORO OK OOK OK OOK IOI OK OK KOK IK KOK IK IO KOK 


»*K 
»K 
*# 
* 


ENTRY 


RETURNS : 


* 


TELFLG. -PDOTR;. BZRy BZRFLG > 


NOTHING > 


*« 


FOO ORO OIOR HOR OOO OOK OOO OOK OK OIOKOKOK OR OOK OOK OR OHO OHO OOK OHOK HOHOK 


TELMN 


TELMN1 
TELMN2 
TELMN3 
TELMN4G 
TELMNS 


TELMN6 
TELMN? 
* 


BRSET 
BRCLR 
BRSET 
BRSET 
BRSET 
BRA 
JSR 
BRA 
JSR 
BRA 
JSR 
BRA 
JSR 
BRA 
JSR 
BRA 
JSR 
RTS 


1, TELFLG. TELMN1 


While talking? 


1,PDODTR.TELMN2 While receiving? 
2,BZ2R,TELMNS Generating tone? 
1,B2R,TELMNG Relay ON 
O,BZRFLG,.TELMNS While retrying? 


TELMN6 
TELM10 
TELMN? 
TELM20 
TELMN? 
TELM30 
TELMN7? 
TELM4O 
TELMN? 
TELMSO 
TELMN? 
TELM60 


Handset up? 


DC AC HC HC DIK IK DEC DIC IC DIK OK AC DC DIK DIK HK IK IC DIC DIC DC ICI DIC DIC IC DC ECC CC RC CCC EC ICC OKC KC HOOK CK OK 


* 
*K 
* 


NAME 


* 


> WHILE TALKING (TELM10) * 


*« 


FROOOIOIOR OOK OK IO OOOO OK IOK OOO OK OOO OR ORO HOR HOR IOHOK I OHOK 


* 
* 
* 
* 


ENTRY 


RETURNS : 


PODTR, WAIT3, MEMOP 
FLAG, PEDTR., WAITS * 


* 


*K 


OOOO OOOO KIO III IOI KOK KK KOK KOK 1K KOK 
O32 O07 TELM10 BRSET 


BRSET 


BCLR 


BSET 


BO 12 TELM11 BRCLR 
B6é 42 


LDA 


2. PDOTR, TELM11 


Cut Line? 


3,PODOTR, TELM11 


3,FLAG 
1,FLAG 


Display calender & time 


O.,WAIT3,TELM12 


FLAG 
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01486 OCEC A4 35 AND #$35 


01487 OCEE B?’ 42 | STA FLAG 

01488 OCFO Bé OB LDA PEOTR Restore contents of port E 
01489 OCF2 A4 7F AND #%01111111 

01490 OCF4 B7? OB STA PEDTR 

01491 OCF6 Bé B3 LDA MEMOP 

01492 OCF8 B? OB STA PEDTR 

01493 OCFA 11 BO BCLR 0,WAIT3 

01494 OCFC CD 1038 TELM12 JSR CALRST 

0149S OCFF 81 RTS 

01496 * 

01497 OOOO OOK OOOO ORO OR OR ORO OR OO OOK I OOK OK KOK OK KOK 
01498 * > 
01499 * NAME > WHILE RECEIVING ¢(TELM20) * 
01500 * sf 
01501 SOOO OR IOI IORI OOK IORI KOK OK IOI OKOK AK KOK 
01502 sf > 
01503 * ENTRY >: BZRFLG. PDDTR * 
01504 * RETURNS : TELFLG. BZRFLG. CURADP * 
0150S x * 
01506 FORO OO OOOO ORO IOI OK ORIG OOOO OO IOK IO KOK KKK KOK OK KK 
01507 ODO00 OO 4E O08 TELM20 BRSET 0O.,.B2RFLG.TELM21 While retrying? 
01508 0003 04 03 OA BRSET 2,PODTR.TELM22 Handset up? 

01509 0006 06 03 O07 BRSET 3,PDDTR, TELM22 

01510 OD09 20 09 BRA TELM23 

01511 OD0B CD 1001 TELM21 JSR CANCEL Cancel retrying 

01512 ODOE 20 04 BRA TELM23 

01513 0D10 12 44 TELM22 BSET 1,TELFLG Define flag for talking 
01514 0012 3F 4B CLR CURADP Cursor OFF 

01515 0014 81 TELM23 RTS 

01516 * 

01517 2OROOOOROIORO OOOO OK ORO OR OK IOOORIOKORO OK OR OOK OHO KOK KOK 
01518 >» | > 
01519 > NAME > GENEATING TONE CTELM30) *k 
01520 * * 
01521 OOOO IOROIOOIOK OOO OOO OR OO OOOO OOK OK IKK IOK KKK 
01522 > * 
01523 * ENTRY > TELWAT, WAITS, BZR. DIALNO > 
01524 * TELNO, WAITS. TELFLG. DIADAT x 
0152S »K DIAPZ, BZRFLG. TELFLG. PEDTR- x 
01526 2K PDDTR > 
01527 * RETURNS : TELWAT. B2R. MFDAT. TELFLG > 
01528 * DIAP2, MEMOP. WAITS »K 
01529 x > 
01530 FOO OOK IO IO IORI OO IORI OOO OOOO IOI OO OOK HOOK IOIOK KOK 
01531 0015 B86 Bé TELM30 LDA TELWAT 

01532 0D17 26 15 BNE TELM31 

01533 0019 A6é SF LDA #95 Initialize for tone output 
01534 0D1B B? Bé . STA TELWAT 

01535 0010 Bé OB LDA PEDTR 

01536 ODIF B7 B3 STA MEMOP Save contents of PEDTR 
01537 0D21 Aé6 Ol LDA #$1 

01538 0023 C? 0139 STA TELNO- 

01539 0026 10 BO BSET 0,WAIT3 

01540 0028 CD 1038 JSR CALRST Test if handset is down 
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01541 
01542 
01543 
01544 
01545 
01546 
01547 
01548 
01549 
01550 
01551 
01552 
OLS55 
01554 
01555 
01556 
01557 
01558 
01559 
01560 
01561 
01562 
01563 
01564 
01565 
01566 
01567 
01568 
01569 
01570 
01571 
01572 
01573 
01574 
0157S 
01576 
01577 
01578 
01579 
01580 
01581 
01582 
01583 
01584 
01585 
01586 
01587 
01588 
01589 
01590 
01591 
01592 
01593 
01594 
01595 


0028 
ODZ2E 
0D30 
OD32 
0034 
OD37 
QD3A 
OD3D 
0D40 
0D43 
0D45 
OD47 
0D49 
OD4B 
0D4D 
OD4F 
6DS1 
0054 
0DS6 
ODS9 
OD0SB 
ODSD 
ODSF 
0061 
ODé3 
ODé6S 
OD67 
OD69 
ODéC 
OD6F 
0D70 
0073 
0075 
OD?? 
OD79 
OD?C 
OD?F 
0081 
0084 
0087 
0D89 
OD8B 
OD8D 
OD8F 
0D91 
OD93 
0D96 
0D98 
OD9A 
OD9C 
OD9F 
QDA1 
ODA 
QDAS 
ODA? 


OE9S 
Ql 
08 
B6 
1038 
OE9S 


TELM31 


B2 03 TELM32 


ODES 


GF 44 TEL321 


80 
OB 
AE 
0S 


TEL322 


TEL 323 


TEL 324 


TELM33 


TEL331 


JMP 
CMP 
BEQ 
DEC 
JSR 
JMP 
BRCLR 
JMP 
BRSET 
LDA 
STA 
LDA 
CMR 
BNE 
LDA 
BNE 
LDX 
LDA 
JSR 
LDA 
AND 


-ORA 


STA 
INC 
LDA 
CMP 
BEQ 
JMP 
LDA 
INC 
STA 
CLR 
CLR 
BSET 
JSR 
JMP 
INC 
JSR 
JMP 
LDA 
AND 
STA 
LDA 
CMP 
BNE 
LDA 
CMP 
BNE 
BRA 
LDX 
LDA 
CMP 
BEQ 
BCLR 
CLR 


TELM3F 
#1 

TELM32 
TELWAT 
CALRST 
TELM3F 


S, WAITS. TEL321 


TELM36 


Wait 0.5Ss 
Test if handset is down 


Output Less than 20th no.? 


3,.B2R, TELM33 
#%10000000 HS pin ON 


PEDTR 
WAIT1 
#5 
TEL324 
WAIT2 
TEL322 
TELNO 


DIALNO. X 


MF OUT 
PEDTR 


Wait for 80Oms for HS pin 


Output tone for 200ms 
Load dial no. 
Find output data 


#%10000000 Define output tone data 


MFOAT 
PEDTR 
WAIT2 
WAIT2 
#12 
TEL323 
TELM3F 
TELNO 
A 
TELNO 
WAIT1 
WAIT2 
3,BZ2R 
CALRST 
TELM3F 
WAIT 
CALRST 
TELM3F 
PEDTR 


Count 200ms 


Increment dial no. pointer 


Define flag for HS pin OFF 


Count 80ms 
Test if handset is down 


HS pin OFF 


#%00000000 


PEDTR 
WAIT2 
#6 
TEL332 
TELNO 
#21 
TEL331 
TELM35 
TELNO 


DIALNO, X 


#$20 
TELM34 
3.B2R 
WAIT2 
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Not output tone for 100ms 


Next digit is 217 


If not. load next dial no. 
Is there next dial no.? 
Zf not. weit until next no. 


If so. define flag 


input 
To output next tone 


1107 











01596 
Q1S97 
01598 
01599 
01600 
01601 
01602 
01603 
01604 
0160S 
01606 
01607 
01608 
01609 
01610 
01611 
01612 
01613 
01614 
01615 
01616 
01617 
01618 
01619 
01620 
01621 
01622 
01623 
01624 
01625 
01626 
01627 
01628 
01629 
01630 
01631 
01632 
01633 
01634 
01635 
01636 
01637 
01638 
01639 
01640 
01641 
01642 
01643 
01644 
01645 
01646 
01647 
01648 
01649 
01650 
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ODA 
ODAC 
ODAF 
ODB1 
ODB4 
ODB? 
ODBA 
ODBD 
ODCO 
ODC3 
ODC6 
ODC9 
ODCC 
ODCF 
ODD1 
ODD3 
ODDS 
ODD? 
ODD9 
ODDB 
ODDD 
ODEO 
ODE3 
ODE6 
ODE8 
ODEA 
ODEC 
ODEE 
ODFO 
ODF2 
ODF4 
ODF6 
ODF8 
QDFA 
ODFD 
ODFF 
0E01 
OE03 
OEOS 
OEO?7 
OEQO9 
OE0B 
OEOD 
OEOF 
0E10 
QE12 
0E14 
OE16 
0E19 
OE1B 
OE1C 
OE1E 
0E20 
0E22 
OE 24 


4F 
1038 

OE9S 

4F 4F 
OB 

80 

O08 

AE 

05 

3B 

AF 


OE9S 
BD 


FEWSS2Z 


TELM34 


TEL341 
TEL 342 
TEL343 
TELMSS 


Feu Sod 
TELM36 


TEL 361 


TEL3S62 


TEL363 


JSR 
JMP 
INC 
JSR 
JMP 
BRSET 
BRSET 
BRSET 
JSR 
JMP 
JMP 
JMP 
JMP 
LOX 
LDA 
CMP 
BEQ 
BSET 
CLR 
BCLR 
JSR 
JMP 
BRSET 
LDA 
ORA 
STA 
LDA 
CMP 
BNE 
LDA 
BNE 
LDX 
LDA 
JSR 
LDA 
AND 
ORA 
STA 
LDX 
LDA 
STA 
BRA 
LDA 
INC 
STA 
Chr 
BEQ 
JMP 
LDA 
INC 
STA 
CMP 
BNE 
CLR 
BSET 


CALRST Test if handset is down 
TELM3F 

WAIT2 Count 100ms 

CALRST Test if handset is down 
TELM3F 


O.BZRFLG.TEL341 While retrying? 
6,TELFLG,.TEL342 Answered? 

7, TELFLG. TEL343 

CALRST 

TELM3F 

TELM38 

TELM39 

TELM3A 


DIAP2 Output more than 21th digit 


~ DIADAT.X 


#$20 
TEL3S1 
S,WAITS Define flag for output tone 
WAIT2 
3,B2R 
CALRST 
TELM3F 
3,B2R,.TELM37 

PEDTR 

#%10000000 HS pin ON. 
PEDTR 
WAIT1 

#S 
TEL364 
WAIT2 
TEL 361 
DIAP2 
DIADAT.X 
MFOUT 
PEOTR 

#% 10000000 
MFDAT 
PEDTR 
DIAP2 
#$20 
DIADAT.X 
TEL362 
WAIT2 

A 

WAIT2 
#12 

TEL 362 
TELM3F 
DIAP2 

A 

DIAP2 

#4 
TEL363 
DIAP2 
3,B2R 


Is there next data? 


Test if handset is down 


Wait for 80ms for HS pin 


Outout tone for 200ms 


Define tone data 


Clear dial no. already output 


Count 200ms 
Test 


if buffer is full 


Define flag for HS pin OFF 
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01651 
01652 
01653 
01654 
01655 
01656 
01657 
01658 
01659 
01660 
01661 
01662 
01663 
01664 
0166S 
01666 
01667 
01668 
01669 
01670 
01671 
01672 
01673 
01674 
01675 
01676 
01677 
01678 
01679 
01680 
01681 
01682 
01683 
01684 
01685 
01686 
01687 
01688 
01689 
01690 
01691 
01692 
01693 
01694 
01695 
01696 
01697 
01698 
01699 
01700 
01701 
01702 
01703 
01704 
01705 


OE26 
QE28 
OE2A 
OE2D 
OE 2F 
0E32 
OE3S 
0E37 
OE39 
0E3B 
OE30 
OE3F 
0E41 
OE43 
OE45 
0E47 
0E49 
OE4B 
OE 4D 
OESO 
OES3 
OES6 
OES9 
OESC 
OESE 
OE61 
OE 64 
OE66 
0E68 
OE6B 
OES6D 
OES6F 
OE?71 


0E74 


OE76 
0E78 
OE7B 
OEE 
OE81 
OE84 
OE87 
OE8A 
OE8D 
OE8F 
OE91 
OE93 
OE9S 


AE 
AF 
OE9S 
AE 
1038 
OE9S 
OB 
00 
08 
AF 
07 
18 
BO 
B? 
20 
07 
4F 
AF 
OE9S 
44 28 
44 26 
1038 
OE9S 
AF 
1038 
OE9S 
4F 
FF 
013A 


CLR WAIT1 
CLR WAIT2 
JMP TELM3F 
TEL 364 INC WAIT1 Count 80ms 
JSR CALRST 
JMP TELM3F 
TELM3? LDA PEDTR 
AND #%00000000 HS pin OFF 
STA PEDTR 
LDA WAIT2 
CMP #7 
BNE TEL3?72 
LDX DIAP2 Is there next dial no.? 
LDA DIADAT.X 
CMP #$20 
BEQ TELS T1 
BCLR 3.BZR Define flag for HS pin ON 
CLR WAIT2 
JMP TELM3F 
TEL371 BRSET 6.TELFLG.TELM39 Answered? 
BRSET 7?.TELFLG, TELM3A 
JSR CALRST Test if handset is down 
JMP TELM3F 
TEL3?72 INC WAIT2 
JSR CALRST 
JMP TELMSF 
TELM38 BCLR 2,.BZ2R Initialize for retrying 


LDA HSFF 
STA TELCNT 
LDA #2 

STA TELWAT 
LDA #10 
STA TELNO 


LDA MEMOP 
STA PEDTR 
JMP TELM3F 
TELM39 BRSET 3,PODTR.TELM3B Test if answered 
JSR CALRST Test if handset is down 
JMP TELM3F 
TELM3A BRSET 2,PDOTR. TELM3B 
JSR CALRST Test if handset is down 
JMP TELM3F 
TELM3B BSET 1.TELFLG If answered. define flag for talking 
BCLR 0, TELFLG 
LDA MEMOP 
STA PEDTR Restore contents of porte 
TELM3F RTS 
*K 


DE DAK DC IK DIK DIK DIC IK DC IK DK DIC ICC DIC ICC DC 24K IC IC OIC DIK KC 3K CI CC EC 2K OC DC IC CC IK 2K IC ICO DIK 2 2K 2K 
* *K 


* NAME > RELAY ON (TELM40) * 

* * 

ROROIOI IO OIOK IOROROIOK KOK IOI OK HOOK KKK KOH OK KOK IK OKO IOK OK OIOOROKOIOKOK 2K KOK KOK 

* a 

* ENTRY > BZR, PDOTR. TELWAT * 
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01706 
01707 
01708 
01709 
01710 
01711 
01712 
01713 
01714 
01715 
01716 
01717 
01718 
01719 
01720 
01721 
01722 
01723 
01724 
0172S 
01726 
0172? 
01728 
01729 
01730 
01731 
01732 
01733 
01734 
01735 
01736 
01737 
01738 


01739: 


01740 
01741 
01742 
01743 
01744 
01745 
01746 
01747 
01748 
01749 
01750 
01751 
01752 
01753 
01754 
01755 
01756 
01757 
01758 
O1759 
01760 
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OE96 
OE99 
OESC 
OE9F 
OEA1 
OEA3 
OEAS 
OEA? 
OEA9 
OEAB 
OEAD 
OEAF 
OEB1 


OEB3 . 


OEBS 
OEB? 
OEBS 
OEBB 
OEBD 
OEBF 
OEC1 
OEC3 
OECS 
OEC8 
OECB 
OECD 
OECF 
OED1 
OED3 
OEDS 
OED? 
OEDA 
OEDD 
OEDF 
OEE1 
OEE3 
OEES 
OEE? 
OEES 
OEEB 
OEED 
OEEF 
OEF 1 


15 
16 


* 
* 


RETURNS : 


PFOTR, BZ2R, ERFLG, TELFLG * 


* 


DK DIC DC I DK DIC IC IC IK DC IC I IC CK DC CHOICE IK IC IC IK DIC DIK IC IC IC 2K IC ICI IC IC 2K IC ICI KC OK 


TELM40 


TELM41 


TELM42 
TELM43 


TELM44 


TELM4S 


TELM46 


TELM47 
TELM48 


TELM49 
* 


BRSET 
BRSET 
BRSET 
LDA 
ORA 
STA 
LDA 
STA 
BSET 
BRA 
BSET 
BRA 
BSET 
BSET 
BCLR 
CLR 
BRA 
LDA 
CMP 
BEQ 
DEC 
BRA 
BRSET 
BRSET 
Boe] 
BSET 
LDA 
AND 
STA 
BCLR 
JSR 
JMP 
BSET 
BRA 
BSET 
BSET 
BCLR 
BCLR 
BCLR 
BSET 
BSET 
CLR 
RTS 


6,BZ2R,TELM44 Relay ON? 
2,PDOTR,TELM41 Handset up? 
3,PDDTR. TELM42 
PFOTR If not, 
#%00100000 
PFOTR 
#64 
TELWAT 
6,.B2R 
TELM49 
6,TELFLG Define flag 
TELM43 
7,TELFLG 
2,.B2R 
1,B2R 
TELWAT 
TELM49 
TELWAT 
#1 
TELM4S 
TELWAT 
TELM49 
2,.PDDOTR,TELM46 Line connected? 
3,POOTR, TELM47 

O.ERFLG Set error process request flag 
1,ERFLG 

PFOTR 

#%11011111 

PFOTR 

6,B2R 

CALRST 

TELM49 

6,TELFLG Define flag 

TELM48 . 

7,TELFLG 
2,B2R 
1,.B2R 
3,B2R 
6,B2R 
&<6BZR 
0O,TELFLG 
TELWAT 


connect Line 


Initialize counter 


Define flag for tone output 


Wait for 0.Ss 


Define flag for tone output 


DH DIK AK HCI I DK KC 2K IK 2 OC OK I KK CC 2K ICC CC DC DC CI DC IK CC IC IC IC KK 2K OC DIC IC IC 2K IC IC ICC IC OK OK 


a 
* 
* 


NAME 


* 


> WHILE RETRYING (TELMSQO> * 
x 


DC DKK DI IC KK IC IC IORI ICICI IOI ICICI ICICI OHO DICK OOK OIC IK OIC OK 


* 
*' 
* 


ENTRY 


* 


: TELWAT, TELFLG. REC, BZR > 
PDDTR > 
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01761 
01762 
01763 
01764 
01765 
01766 
01767 
01768 
01769 
01770 
O1?7?71 
01772 
01773 
01774 
01775 
01776 
0177? 
01778 
01779 
01780 
01781 
01782 
01783 
01784 
01785 
01786 
01787 
01788 
01789 
01790 
01791 
01792 
01793 
01794 
01795 
01796 
01797 
01798 
01799 
01800 
01801 
01802 
01803 
01804 
01805 
01806 
01807 
01808 
01809 
01810 
01811 
01812 
01813 
01814 
01815 





QEF2 
OEF4 
OEF6 
OEF8 
OEFB 
OEFD 
OF OO 
OFO2 
OF 04 
OFO? 
OFOQ9 
OFOB 
OF OD 
OF 10 
OF 12 
OF 14 
OF 17 
OF 19 
OF 1B 
OF 1D 
OF 1F 
OF 22 
OF 24 
OF 26 
OF 28 
OF 2A 
OF 2C 
OF 2F 
OF 31 


“OF 33. 


OF 35 
OF 37 
OF 39 
OF 3B 
OF 3D 
OF 3F 
OF 41 
OF 44 
OF 47? 
OF 4A 
OF 4B 
OF4E 
OF SO 
OFSS3 
OF S4 
OFS7 
OFS9 
OFSB 
OF SD 
OFSE 
OF 62 


BO OF 


42 

1966 
110E 
013A 


013A 
12 
0139 


0139 
OC 
Bé 
GF 


BO 


1526 
OFD? 


* RETURNS : TELWAT. WAITS. B2R,. TELFLG * 
* REC. LCOM. BZRFLG. ERR1. ERR2 x 
* * 


DHE DIK DK DIK DIK IC IK IK IC IKK IC CK IC CIC IC CK KC ICC IC IC CICK ICI OCI OIC ICI IC OK IC IKK OK CK KK 
TELMSO LDA TELWAT Initialize retrying 
BNE TELMS1 


LDA #30 
STA TELNO 
LDA HSFF 
STA TELCNT 
LDA #1 


STA TELWAT 
BRSET 7,82R.TELSO1 Initialize tone output counter? 
LDA #10 
STA REC 
BSET 7,B2R 
TELSO1 JMP TELMSF 
TELMS1 CMP #1 
BNE TELMS4 
BRSET 1.WAIT3.TELS11 
LDA #$35 Initialize for blinking retry no. 
STA WAITS 
BSET 1,WAIT3 
BRA TELSIS 
TELSI1 BRSET 2,WAIT3.TELS12 
DEC WAITS Turn on retry no. 
LDA WAITS 
BNE TELS13 
BCLR 1,WAIT3 
BSET 2. WAIT3 
JSR DIALZ 
BRA TELS13 
TEES 2 DEC WAITS Turn off retry no. 
LDA WAITS 
BNE TELS13 
BCLR 1,WAIT3 
BCLR 2,WAIT3 


LDA FLAG 
AND #$35 
STA FLAG 
JSR LCOMCR 
JSR LCD 
TELS13 LDA TELCNT Wait 2 minutes 
DEC A 


STA TELCNT 
BNE TELMS2 
LDA TELNO 
DEC A 
STA TELNO 
BNE TELMS3 
CLR TELWAT 
BSET 1,B2R If waiting finished, set flag 
BSET 4,WAITS 
JSR DIAL2 
TELMS2 JMP TELMSE 
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01816 
01817 
01818 
01819 
01820 
01821 
01822 
01823 
01824 
01825 
01826 
01827 
01828 
01829 
01830 
01831 
01832 
01833 
01834 
01835 
01836 
01837 
01838 
01839 
01840 
01841 
01842 
01843 
01844 
01845 
01846 
01847 
01848 
01849 
01850 
01851 
01852 
01853 
01854 
01855 
01856 
01857 
01858 
01859 
01860 
01861 
01862 
01863 
01864 
01865 
01866 
01867 
01868 
01869 
01870 
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OF 6S 
OF 67 
OF 6A 
OF 6D 
OF 6F 
OF 71 
OF 74 
OF 7? 
OF 7A 
OF 7D 
OF 80 
OF 83 
OF 86 
OF 89 
OF 8B 
OF 8D 
OF 8F 
OF91 
OF 93 
OF 9S 
OF 97 
OF 98 
OF 9B 
OF 9E 
OFA1 
OFA4 
OFA? 
OFA8 
OF AB 
OF AD 
OFBO 
OFB1 
OF B4 
OF B6é 
OFB8 
OFBA 
OF BD 
OF BF 
OFC1 
OFC3 
OFCS 
OFC? 
OFC9 
OFCB 
OFCD 
OFDO 
OFD3 
OFDS 
OFD? 
OFDA 


TELMS3 


TELMS4 


TELMSS 
TELMS6 
TELMS? 


TELMS8& 


TELMS9 
TELMSA 


TELMSB 
TELMSC 
TELMSr 


* 


LDA 
STA 
JMP 
CMP 
BNE 
BRSET 
BRSET 
JSR 
JMP 
BRSET 


BRSET 
JMP 
BSET 
BCLR 
BSET 
LDA 
STA 
LDA 
STA 
CLR 
STA 
STA 
JSR 
JMP 
LDA 
DEC 
STA 
BNE 
LDA 
DEC 
STA 
BNE 
LDA 
STA 
JMP 
CMP 
BNE 
LDA 
AND 
STA 
DEC 
LDA 
BNE 
JSR 
JMP 
CLR 
BCLR 
JSR 
RTS 


H$FF 
TELCNT 
TELMSF 
#2 

TELMSA 


6s: TEL FLG,TELMSS 
7, TELFLG, TELMS6 


CANCEL 
TELMSF 


3,PDDTR,.TELMS? Test if answered 


TELMS8 


2.POOTR.,TELMS? 


~ TELMS8 


1,.TELFLG Define flag for talking 


Os TEEPEG 


3,B2RFLG Initialize buzzering 


#$7 
BZRCNT 
HSFF 


BZRCNT+1 


A 

ERR1 
ERR2 
CANCEL 
TEEMSF 
TELCNT 
A 
TELCNT 
TEEMS9 
TELNO 
A 
TELNO 
TELMS9 
#3 
TELWAT 
TELMSF 
#3 
TELMSB 
PFDTR 


Output tone 45s 


Stop tone output 


#%11001111 


PFOTR 
REC 
REC 
TELMSC 
CANCEL 
TELMSF 
TELWAT 


4,WAIT3 


CALRST 


Decrement repeat counter 


If 10 times.,cancel retrying 


If not. reinitialize for Hext output 


DKK IC DIC I HCI DC I DECC CK CC DK CC DC OK DK DC OC IC DC IC 2 DC IC CC DK ICC DIC KIO COOH KK KOK OK 


* 
* 
> 


NAME 


* 


> CONNECT LINES (TELM60) as 


kK 
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01871 OOOO IO IORI OOOO OOK OOK IK OR IO OOO KOK OHO K 


01872 * > 
01873 ENTRY > MODFLG., PDDTR »* 
01874 * RETURNS : LCDM. MEMO, TELFLG. WAITS > 
01875 * CURADP. LCDMP >» 
01876 * * 
01877 OOOO OR OR OOOO OOOO OOO OOO ORO OO OOOO IORI OK OKIOK 
01878 OFDB Bé 41 TELM60 LDA MODFLG 
01879 OFDD 26 1E BNE TELM62 
01880 OFDF 04 03 OS BRSET 2.PDDTR,TELM61 Handset up? 
01881 OFE2 06 03 02 BRSET 3,.PDOTR.TELM61 
01882 OFES 20 16 BRA TELM62 
01883 OFE? Bé 42 TELM61 LDA FLAG If so. clear display 
01884 OFES AG 35 AND #$35 
0188S OFEB B? 42 STA FLAG 
01886 OFED CD 1966 JSR LCOMCR 
01887 OFFO CD 110€ JSR LCD 
01888 OFF3 A6 02 LDA #2 
01889 OFFS B7 40 STA LCDMP 
01890 OFF? 3F 4B CLR CURADP 
01891 OFF9 10 BO BSET O.WAIT3 Define flag for tone output 
01892 OFFB 10 44 BSET O, TELFLG 
01893 OFFD CD 1038 TELM62 JSR CALRST 
01894 1000 81 RTS 
0189S * 
01896 SOOO OOOO OO OOOO OOO OOOO OR OK OOK OK IOKOK 
01897 * * 
01898 * NAME : RESET RETRYING CCANCEL)D * 
01899 * * 
01900 OOOOROOIOIOIOR OOOO OR OR OOO OK IOI IOI OK OK IOK 
01901 * * 
01902 * ENTRY > NOTHING * 
01903 K RETURNS : RAMCUSED FOR RETRYING) * 
01904 * x 
01905 SOOO OOOO OKO OK OOO IO OOOO IO IO OOK KOK KOK 
01906 1001 Bé 4E CANCEL LDA BZRFLG Reset retrying 
01907 1003 A4 FE AND #%11111110 
01908 1005 B? GE STA BZRFLG 
01909 1007 02 44 06 BRSET 1.TELFLG.CANCL2 
01910 100A Bé6 OC LDA PFDTR 
01911 100C A4 DF AND #%11011111 
01912 100E B? OC STA PFOTR 
01913 1010 GF CANCL2 CLR A Clear RAM 
01914 1011 87 Bé6 STA TELWAT 
0191S 1013 C? 0139 STA TELNO 
01916 1016 C7? 013A STA TELCNT 
01917 1019 B? BG STA REC 
01918 1018 B7 4C STA BZRCNT 
01919 1010 B? BO STA WAITS 
01920 101F 87 Bl STA WAITS 
01921 1021 B? B2 STA WAITS 
01922 1023 Bé 4F LDA BZR 
01923 1025 AG 7F AND #%01111111 
01924 1027 B? 4F STA BZR 
01925 1029 Bé 0B LDA PEDTR 
7 
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01926 
01927 
01928 
01929 
01930 
01931 
01932 
01933 
01934 
01935 
01936 
01937 
01938 
01939 
01940 
01941 
01942 
01943 
01944 


0194S. 


01946 
01947 
01948 
01949 
01950 
01951 
01952 
01953 
01954 
01955 
01956 
01957 
01958 
01959 
01960 
01961 
01962 
01963 
01964 
01965 
01966 
01967 
01968 
01969 
01970 
01971 
01972 
01973 
01974 
01975 
01976 
01977 
01978 
01979 


01980 
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102B 
102D 
102F 
1031 
1033 
1035 
1037 


1038 
1038 
103E 
1041 
1044 
1046 
1048 
104A 
104C 
104F 
1052 
1054 
1056 
1059 
10SC 
10SE 
1060 
1062 
1064 
1066 
1068 
106A 
106C 
106E 
1070 


1072 © 


1073 
1075 
1078 
107A 
107C 
107E 
1080 
1082 
1084 
1086 


1088: 


| CF — AND #%01111111 

OB STA PEDTR 

B3 LDA MEMOP 

0B STA PEDTR 

BO BSET 0O,WAIT3 

42 BSET 1, FLAG 

RTS 

* 
OOOO OO OK OOOO OOOO OOK OR IO OOK IK IOKKIOK KOK 
* * 
* NAME = RESET HANDSET CCALRST) * 
* * 
OOO OC ICOOOOOR OOOO ICO OO IOI OOK OK IOK OK KOK 
* : * 
* ENTRY > NOTHING XK 
* RETURNS : NOTHING * 
* * 
OOOO OOOO IORI OK IORI IOK 10K OK KKK 

GE 03 CALRST BRCLR O.B2RFLG.RTS11 Test if retrying 


10CE JMP RTS18 
4F OB RTS11 BRCLR 5S.BZR.RTS12 


03 08 BRCLR 4¢,PDOTR.RTS12 

Oc LDA PFOTR Relay OFF 

DF AND #%11011111 

Oc STA PFDOTR 

4F BCLR S,.B2R 

03 O?7 RTS12 BRSET 2,PDDTR.RTS13 Test if talking 
03 04 BRSET 3,PODTR.RTS13 

BO BCLR 4,WAITS 

03 BRA RTS14 

10DE RTS13 JMP RSTEND 


BO 34 RTS14 BRCLR OQ,WAIT3.RTS17 


0B LDA PEDTR If not. HS pin OFF 
TF AND #%01111111 
OB STA PEDTR 
B3 LDA MEMOP 
0B STA PEDTR 
42 BCLR 3,FLAG 
42 BSET 1,FLAG 
BO BCLR 0,WAIT3 
OS LOX #5 
20 RTS1S LDA #$20 
Bé STA DIADAT~1,X 
DEC X 
F9 BNE RTS15 
18DA JSR END 
41 LOA MODFLG 
01 CMP #$1 
OC BEQ RTS16 
Q2 CMP #$2 
08 BEQ RTS16 
03 CMP #$3 
04 BEQ RTS16 
OC CMP HSC 
OO BEG RTS16 
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01981 
01982 
01963 
01984 
01985 
01986 
01987 
01988 
01989 
01990 
01991 
01992 
01993 
01994 
0199S 
01996 
01997 
01998 
01999 
02000 
02001 
02002 
02003 
02004 
02005 
02006 
02007 
02008 
02009 
02010 
02011 
02012 
02013 
02014 
02015 
02016 
02017 
02018 
02019 
02020 
02021 
02022 
02023 
02024 
02025 
02026 
02027 
02028 
02029 
02030 
02031 
02032 
02033 
02034 
02035 


108A 
1080 
1090 
1091 
1093 
1096 
1099 
1098 
109D 
LOOF 
10A1 
10A3 
10AS 
10A7 
10A9 
10AB 
10AD 
LOAF 
10B1 
1083 
10B5 
10B? 
1089 
108C 
10BF 
10C2 
10C3 
10C6 
10C9 
10CC 
10CE 
10D0 
10D2 
10D4 
1007 
10DA 
100C 
10DE 


100F 
10E0 
10E3 
LOES 
10E6 
10E7 


BO 03 
18DA 


' 1OF6 


QO9 


18 


RTS16 BRCLR 4,WAIT3.RTS17 


JSR END 
RTS1? CLR A Clear RAM 
STA TELWAT 
STA TELNO 
STA TELCNT 
STA REC 


STA WAIT1 

STA WAIT2 

STA WAITS 

STA WAITS 

STA DIAP1 

STA DIAP2 

LDA TELFLG 

AND #%00000100 
STA TELFLG 

LDA BZRFLG 

AND #%11111001 
STA BZRFLG 


LDA BZR 
AND #%00000001 
STA BZ2R 


JSR DITACLR 
JSR TELCLR 
JSR SNGCLR 
CLR A 
STA SECCNT 
STA SECCNT +1 
BRSET 6.,WAIT3,.RTS19 
BRA RSTEND 
RTS18 LDA MODFLG 
CMP #$10 
BNE RSTEND 
JSR CANCEL 
JMP RTS12 
RTS19 CLR TRMFLG 
BCLR 6,WAITS 
RSTEND RTS | 
* 


DECK DEC DK DIC DIK IK 2K DIC 3 OK IC IK IC IC DC OK CCK KIC IC IC 2K IK IK IK IC OK COI OC OI RCC CK IK IK CICK 2 IK IK IC 2K 


* * 
x NAME : REFER TO DIAL NUMBER (MFOQUT) x 
>K * 
DKK IK DK DK DIC IK OK IC EC 2K IC IC IC IK KK DK IC IC KC IKK IC ICCC IC IC IC IK KK ICC IC IK IK 2K IC IK IKK IK ICC KK 
* * 
* ENTRY : ACCA * 
" RETURNS : MFDAT, Bit C x 
* * 


ROCIO OOOO OOOO OK IORI HOK IKK IK I IOKOK 
MFOUT CLR x 
MFOUT1 CMP MFTBL, X 

BEQ MFOQUT2 

INC x 

INC. X 

CPX #MFTBLE-MFTBL 
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02036 
02037 


02038 


02039 
02040 
02041 
02042 
02043 
02044 
02045 
02046 
02047 
02048 
02049 
02050 
02051 
02052 
02053 
02054 
02055 
02056 
02057 
02058 
02059 
02060 
02061 
02062 
02063 
02064 
0206S 
02066 
02067 
02068 
02069 
02070 
02071 
02072 
02073 
02074 
0207S 
02076 
02077 
02078 
02079 
02080 
02081 
02082 
02083 
02084 
02085 
02086 
02087 
02088 
02089 
02090 


1116 


10E9 
1Q0EB 
10EC 
10EE 
10EF 
10F2 
10F4 
10FS 


10F6 
10F 7 
10F8 
10F9 
10FA 
10FB 
10FC 
10FD 11 
10FE 
1OFF 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
110A 
1108 
110C 
1100 


110E 9B 
110F AE 02 


BNE MFOUT1 
CLC 
BRA MFOUTE 
MFOUT2 INC X 
LDA MFTBL.X 
STA MFDAT Define dial no. 
SEC 


MFOUTE RTS 
* 


DHCDKC IC CIC IC IK IC 2 IK DIC IK IK IK KC ICC IC CIC ICC IC CICK IC IOI IK IK ICI IC II I IK IKK 


2 i, * 
* NAME > DATA TABLE x 
* *« 


DC OC DIC IC IC DK IK DIC CK IK IC IC IC IC 2 2K IK DIC OIC 2K 2 IKK 2K IC IC IC OK IOI IOROHOK ICCC IK I ICI K 2 2 


MFTBL FCC pa ba Output tone data 
FCB %00001001 
FCC LP di 
FCB %00001010 
FCC ee Ge 
FCB %00001100 
FCC "gl 
FCB %00010001 
FCC nee 
FCB %00010010 
FCC We!" 
FCB %00010100 
FCC ae dl 
FCB %00100001 
FCC ae = fa 
FCB %00100010 
FCC ug 
FCB %00100100 
FCC Wye Ht 
FCB %01000001 
FCC "mor 
FCB %01000010 
FCC ett 
FCB %01000100 
MFTBLE EQU * 
* . 
OKO OK PROGRAM MODULE FOR LCD DISPLAY OR IOOK OK IK 


* 
* 
ROICIO IO OIOIOK IO IOOIOROI OOOO ORO IOOIOK OK IOK HOOK IHC HOOK HOOK OK IK 


*« K 
* NAME > LCD PROGRAM <LCD) * 
* * 
OOOO OOOO OO OOO OK IOOOIOOK OOO IOKIOOIOOK AOHOK 
* * 
* ENTRY > LCOM, CURADP : * 
* RETURNS : NOTHING * 
* > 


FOO OOOO OOOO OOO OOK IOOK OOK IOI OK IOIOK KOK 
LCD SEL 


LDX #2 
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02091 
02092 
02093 
02094 
02095 
02096 
02097 
02098 
02099 
02100 
02101 
02102 
02103 
02104 
0210S 
02106 
02107 
02108 
02109 
02110 
02111 
02112 
02113 
02114 
02115 
02116 
02117 
02118 
02119 
02120 
02121 
02122 
02123 
02124 
02125 
02126 
02127 
02128 
02129 
02130 
02131 
02132 
02133 
02134 
02135 
02136 
02137 
02138 
02139 
02140 
02141 
02142 
02143 
02144 
02145 


itl 
1114 
1116 
1118 
111A 
1110 
111F 
112] 
1123 
1125 
112? 
1129 
1126 
112D 
1130 
1132 
1134 
1136 
113? 
11368 
1130 
113F 
1142 
1143 
1144 
1146 


1148 
114B 
1140 
114F 
1151 
1153 
L155 
11S 
1159 
1158 





JSR LCDINS Clear address counter 

CLR POINTR Clear pointer 

LDX POINTR 
LCD1 LDX LCDM,. X Load ASCII into IX 

JSR LCDDSP Display figure 

INC POINTR Increment pointer 

LDX POINTR 

CPX #40 Pointer=407 

BNE LCD1 Branch if pointer =/ 40 

LDA CURADP 

STA POINTR Load cursor position data 

BEG LCD4 Display cursor? 

LDX #02 

JSR LCDINS Load instruction 

DEC POINTR 

BEG LCD3 Display on ist digit? 
LCD2 LOX #$14 

JSR LCDINS Shift cursor to right 

DEC POINTR 

BNE LCD2 
LCDS LOX #$0E Cursor ON 
LCDS JSR LCDINS 

CLI 

RTS 
LCD4 LDX #$0C Cursor OFF 

BRA LCDS 
*«K 
DAK AK IK DIC ICG IK IK IK IK 3 IK ICC 2 IC ICI ICICI ICC DIC ICICI IORI CII ICO OK 
* * 
K NAME > LOAD INSTRUCTION INTO 
* INSTRUCTION REGISTER(LCDINS)» 
* 
OKO IOIOIOIO IOI ORO IO IO OK OOK OIOROK IORI IO OK ICI IOI IC KC IC IC IC OC KK IKK CK 
*K * 
* ENTRY = iEx »K 
* RETURNS : NOTHING * 
»*K > 


DAC OC DIC DIK IK DI DC IC 2 DC IK KC IC EC CI IC IC CCRC IC ICICI IC DK DC ICICI COI IK KC IC CICK IO KC HOOK 


LCDINS JSR LCDBSY Check busy flag 

STX PADTR 

LDA PFDTR 

AND #SFO 

STA PFOTR R¥W=0 RS=0 E=0 

ORA #$01 R¥W=0 RS=0 E=1 

STA PFOTR 

AND #$FO 

STA PFOTR R¥W=0 RS=0 E=0 

RTS 
x* 
HOROIOROI IORI OF OIOR OIRO HOR HOOK IC HOC IK IC OK ICICI IC IC DK IC KC OIC IC IC IC KICK 2K IC CICK 2K 
* * 
* NAME : DISPLAY FIGURE ON LCD(LCDDSP) x 
* * 
OK OOK IOKOK OR OOK IOIOKOI OK OK HOR OHO OIOHOIO IOI HOOK KOCK DIC OK CIC HOI OHO ICI KCK OK 
* * 
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02146 > ENTRY =: IX | x 


02147 | * RETURNS : NOTHING * 

02148 * | 2 

02149 OOOO OIC OOOO OOK OOK OOK OK I HOR KIO IORI IORI HOOK 

02150 115C CD 11C¢ LCODDSP JSR LCDBSY Check busy flag 

02151 11SF BF OO STX PADTR 

02152 1161 Bé OC LDA PFOTR 

02153 1163 AG FO AND H#SFO 

02154 1165 AA 02 ORA #$02 R¥W=Q0 RS=1 E=0 

02155 1167 B7? OC STA PFDTR 

02156 1169 AA 01 ORA #$01 R¥W=0 RS=1 E=1 

02157 1168 B? OC STA PFOTR 

02158 1160 AG F2 AND #$F2 R/W=0 RS=1 E=0 

02159 116F B? OC STA PFDTR 

02160 1171 81 RTS 

02161 > 

02162 FOO OOOO ORO OOOO OI OOK OOK OOK OK OK KOIOK KOKO KKK 

02163 * | * 

02164 > NAME >: RESET LCD-II ¢LCDRES)D 2K 

02165 * a 

02166 SOOO IO OOOO OOO OOK OOK IOC IO IOI OR OOK IO OK HOR IOK OK 

02167 * * 

02168 »K ENTRY > NOTHING 

02169 * RETURNS : NOTHING * 

02170 * * 

02171 FOIOOIOR OK IOKOIOK OK IORI OR IOI KOO HOR KOK KKK KOK OK KK OK 2K KOK 24 0K 0K 2K 2K 9K 2K 

02172 1172 A6é 03 LCDRES LDA #3 

02173 1174 B? 6D STA CNT Initialize CNT . 

02174 1176 A6 OC LCORS1 LDA #$OC Execute of software timer of 15ms 

0217S 1178 AE FF LCDRS2 LDX HSFF 

02176 117A SA LCDRS3 DEC X 

02177 117B 26 FD BNE LCORS3 

02178 117D 4A DEC. A. 

02179 117E 26 F8 BNE LCDRS2 

02180 1180 A6 FF LDA #SFF . . 

02181 1182 B7 04 STA PADOR Select port A as output 

02182 1184 3F OC CLR PFOTR R¥W=0 RS=Q0 E=0 | 

02183 1186 A6 Ql LDA #$0O1 

02184 1188 B7 OC STA PFOTR ~R¥W=O0 RS=0 E=1 

02185 118A A6 30 LDA #$30 

02186 118C B? 00 STA PADTR Output instruction 

02187 118E& 3F OC CLR PFOTR R¥W=0 RS=0 E=0 

-02188 1190 3A 60 DEC CNT 

02189 1192 26 E2 BNE LCORS1 Branch if not CNT=0 

02190 1194 81 RTS 

02191 * 

02192 OK IOK OOO OOK IOI IOI OI OI OIOK IOI KOKO HOOK IOK HOR KOK KK 1 21K 2K 2K 2K KK 2K 

02193 * > 

02194 >» NAME >: INITIALIZE DISPLAY MODE OF LCDx 

02195 Kk (CLCDINT) > 

02196 * * 

02197 | FORO OOK IOI OR IO IO IO IOI KOK I HOOK IORI HOR HOKIOK 

02198 * | * 

02199 > ENTRY >: NOTHING * 

02200 >» RETURNS : NOTHING > 
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02201 
02202 
02203 
02204 
02205 
02206 
02207 
02208 
02209 
02210 
02211 
02212 
02213 
02214 
02215 
02216 
02217 
02218 
02219 
02220 
OZ221 
02222 
02223 
02224 
02225 
02226 
02227 
02228 
02229 
02230 
02231 
02232 


02233 


02234 
02235 
02236 
02237 
02238 
02239 
02240 
02241 
02242 
02243 
02244 
02245 
02246 
02247 
02248 
02249 
02250 
02251 
O2Z252 
02253 
02254 
Q2255 





1195 
Lio? 
LL? 
11968 
LI9E 
11A0 
11A2 
11A4 
11A7 
11A9 
11AB 
11iAC 
11AE 
L1AF 
1161 
1184 
11B6 
11B8 
11B9 
116C 
11BE 
11C0 
11C€2 


1104 
11C6 
11C8 
11CA 
LICC 
ee 
1100 
11D2 
1104 
1106 
1107 
1109 
1108 
110D 
LiLOF 
11€1 
PLES 


* 


* 


OOOO OOK OK ORO OHI OI KOR OIOROHOIC IO KOK OK ICI KOKI OK ICICI IK OKC IC IOC 2K 


LCDINT 
LCDIN1 


LCDINS 


LCODIN2 


LCDIN3 


* 


LOX 
CPX 
BEQ 
JSR 
CLR 
LDA 
STA 
LDA 
STA 
CLR 
DEC 
BNE 
RTS 
LDX 
JSR 
LDX 
STA 
CLR 
JSR 
DEC 
BNE 
LDX 
BRA 


#6 

#2 
LCDIN2 
LCDBSY 
PFDTR 
#1 
PFOTR 


YOKO~-1.X 


PADTR 
PFDTR 


x 
LCDIN1 


#$40 
LCDINS 
#12 
POINTR 
X 
LCDDSP 
POINTR 
LCDIN3 
#2 
LCDINS 


Check busy flag 
R¥W=0 RS=0 E=0 


R¥W=0 RS=0 E=1 


Store instruction data 
R¥W=0 RS=0 E=0 


Branch if not Ix=0 


Output instruction 


Test if data is written 12 times 


PE IK IC OOOH KC IKK CK ICRC ICC IC CK CCI OIC IC IC CIC COI DC IC ICC 2K 24S 2K IC IK CK 


* 
*« 
* 


NAME 


* 


> CHECK BUSY (LCDBSY) as 


a 


OOK IOIOIOIOK OOO OOOO OO OOK ROR ORO OOK ORR OIOK OFOIOK IC OKI IC KIC ICI aK KCK 


* 


K 


> ENTRY > NOTHING * 
>» RETURNS : NOTHING »* 
* * 
DIE OK 9K I IK HO CIC CCK IC 2K KICK IK IC IC IC IC IC ICC KICK ICRI IC OOK IC IOI HICK OC ICC IC 2K 
LCDBSY CLR PADDR Select port A as input 

LDA PFDTR 

AND #SFO R¥W=1 RS=0 E=0 

ORA #$04 

STA PFOTR 
LCDBY1 LDA PFOTR 

ORA #$01 R¥W=1 RS=0 E=1 

STA PFDTR 

LDA PADTR Load busy flag into ACCA 

LSL A Load MSB into carry bit 

LDA PFDTR 

AND HSFG 

STA PFDTR R¥W=1 RS=0 E=0 

BCS LCDBY1 

LDA HSFF Select port A as output 

STA PADDR 

RTS 


*K 


DK DK IC KC OIC KC KCK CC 2K IC KCK KO CEC KECK KK KIC OK KOK ECKOK KOI KICK KICK 2K 
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‘02256 
02257 
02258 
02259 
02260 
02261 
02262 
02263 
02264 
02265 
02266 
02267 
02268 
02269 
02270 
Q2271 
02272 
02273 
02274 
02275 
02276 
02277 
02278 
O2279 
02280 
02281 
02282 
02283 
02284 
02285 
02286 
02287 
02288 
02289 
02290 
02291 
02292 
02293 
02294 
02295 
02296 
02297 
02298 
02299 
02300 
02301 
02302 
02303 
02304 
02305 
02306 
02307 
02308 
02309 
02310 


1120 


11E4 AE OS 
11E6 CD 11F4 


TLE? 


1l1EA 
LLEC 
LIEE 
1l1F 1 
11FS 


1l1F4 
11FS 
11F? 
1l1F9 
11FB 
1L1FC 
11FE 
1L1FF 
1202 
1204 
1205 
1207 
1208 
120A 
120C 
120E 


B81 


AE 
10 
CD 


81 


99 
Ad 
BS 
26 
SF 
Eo 
8D 
01 
B? 
OF 
AB 
97 
Bé 
AZ 
26 
B? 


Q3 
6B 


11F4 


6B 


01 
6B 
40 
SC 


6B 
6A 


O02 
6A 


02 


aig 
6A 


08 


* 


COUNT CALENDAR & TIME (YERCNT)x* 


* NAME 

* * 
OOOO ORO KOK KOKORO OOOO OK IOK I FOI KKK KOK KOK I 2K 2K 2K KOK 2K kK KK 
*K * 
. ENTRY : CALNDR * 
x RETURNS : CALNOR x 
*« * 


ORO HOR OIOK HOR OOK OOK FORO OK ORO OOK OIOIOIOOIOR HOR HOH OK OROKOIOHOK OOK KOK K 
YERCNT LOX #$S 
JSR TIMCNT Count calendar & time 


RTS 

* 

OKO OOO OOK OK OOK KOI HOR OOK OO OK IORI OIOK OIOKOK OK OK KHOR KOIOIOI OKO OKO OK KOK OK 
*« *«K 
ok NAME : COUNT ELAPSED TIME (TLCNTD x 
* *« 
DIK DKK IK IK IK DIK IC DIK DC IK IK DIK IK IKK IC IK KK KIC CK CIC KC IK IK IC IKK IK CK IK CICK IC IK IK IKK CC OK 
* * 
x ENTRY =: TEL x 
x RETURNS : TEL x 
> * 


OOOO ORO OOOO OOOO IOI IOOIOK I IOK IOI OK OK KOK 
TLONT LDX #3 

BSET QO,CNTBIT Set bit 

JSR TIMCNT Count time 

BCLR O,.CNTBIT Clear bit 


RTS 

*« 

DEK IK ICI IKK ICICI OIC ICICI RICK HOI IC IC ICICI ICICI HICK HCI ICC ICICI ICICI 
* * 
x NAME > COUNT TIME (TIMCNT) x 
* *K 
DIK IK IC DIC IC KOE I OIC ORCI IC ICC IC KIC IC IC IK CIC DIK IK KIC HICK CK ICICI IK IC KKK KK 
* * 
x ENTRY : CNTBIT x 
x RETURNS : CALNOR, TEL x 
oK *« 
COCK OK I KICK IK ICICI 2K 2K 2 IKKE ROOK COKE OK KHOI 2K 
TIMCNT SEC Set carry bit 


TIMCT1 LDA #1 
BIT CNTBIT Elapsed time? 
BNE TIMCT2 
CLR A Clear acca 
ADC CALNDR-1,X Count up 


»TIMCT3 DAA 


BRCLR O.CNTBIT.TIMCT4 
STA TIMSTA Store TIMSTA 


TXA IX->ACCA 
ADD #2 IX+2 
TAX ACCA~>1IX 
LDA TIMSTA 

TIMCT4 CPX #$2 IX=2? 


BNE TIMCTS 
STA TIMSTA 
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02311 
02312 
02313 
0234 
02315 
02316 
02317 
02318 
02319 
02320 
02321 
02322 
02323 
02324 
0232S 
02326 
02327 
02328 
02329 
02330 
02331 
02332 
02333 
02334 
02335 
02336 
02337 
02338 
02339 
02340 
02341 
02342 
02343 
02344 
02345 
02346 
02347 
02348 
02349 
02350 
02351 
02352 
02353 
02354 
02355 
02356 
02357 
02358 
02359 
02360 
02361 
02362 
02363 
02364 
02365 


1210 
1212 
1213 
1214 
iz. 
1216 
1217 
1219 
121A 
1218 
1210 
121F 
1221 
1223 
1225 
1226 
1228 
1228 
122D 
122F 
1230 
1233 
1235 
1237 
1239 
123B 
123C 
123D 
L253 
1241 
1242 
1244 
1245 
1246 
1248 
124A 
124D 
124F 
1250 
1252 
1254 
1256 


=) 5) 


SA 


SA 
SA 
SD 
OF 
SA 


‘6A 


1A00 
20 


1A1? 
6A 
01 
6B 
17 


1258 CD 12AB 


LDA CALNDR 
LSR 
LSR 
Lok 
LSR 
ES 
STA KEYNUM 
LSE A 

LSL A 

ADD KEYNUM 
STA KEYNUM 
LDA CALNOR 


rPrrrry,r 


AND HSOF 
ADD KEYNUM 
TAX 


LDA TIMSTA 
CMP MONTH-1.X 


LDX #2 
TIMCT6 BCS TIMCT? 
SEC Bit set 


LDA SHUNEW-1. X 
TIMCT8 STA TIMSTA Store count data 
LDA #1 
BIT CNTBIT Elapsed time? 
BEQ TIMCT9S 
DEC X 
DEC X X~2->X 
LDA TIMSTA 
STA TEL-1,X Store TEL 
X 


TIMC10 DEC Decrement pointer 
BNE TIMCT1 Branch if not IX=0 
RTS 

TIMCT2 CLR A Clear ACCA 


ADC TEL-1.X Count up 
BRA TIMCTS 
TIMCTS CMP SHUSE-1.X Compare table 
BRA TIMCT6 
TIMCT? CLC 
BRA TIMCTS8 O->C 
TIMCT9 LDA TIMSTA 
STA CALNDR-1,.X Store CALNOR counter 
BRA TIMC10 
* 
DIK OI DIK DC DIK CK IK IK IC IC 2 IK KK IC KICK IK III IC IK ICICI ICI ICICI IOI IOI IK HOCK 


* Kk 
* NAME : LOAD CALENDAR & TIME DATA * 
»* INTO DISPLAY RAM (CALLCD) x 
* | * 
FOO OOOO RIOR OOOO OO IORI OO IOK IOI OOK KI IOKICK KKK 
* * 
* ENTRY > CALNDR > 
»* RETURNS : LCDM > 
* > 


JOO OOOO ORO IORI IOI OKI HOK KOK KOK KOK KOK IK KKK 
CALLCD JSR LCDMST 
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02366 
02367 
02268 
02369 
02370 
02371 
02372 
02373 
02374 
02375 
02376 
02377 
02378 
02379 
02380 
02381 


1258 
12S) 
125F 
1261 
1263 
1266 


02382 


02383 
02384 
02385 
02386 
02387 
02388 
02389 
02390 
02391 
02392 
02393 
02394 
0239S 
02396 
02397 
02398 
02399 
02400 
02401 
02402 
02403 
02404 
02405 
02406 
02407 
02408 
02409 
02410 
02411 
02412 
02413 
02414 
02415 
02416 
02417 
02418 
02419 
02420 
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1267 
126A 
126C 
126E 
1270 
1272 
1275S 


1276 
1278 
1278 
1270 
127F 
1281 
1283 
1285 
1287 
1289 
128C 
128E 
128F 
1290 
1291 
L292 
1294 
1296 


0S 
6D 
18 
6E 


1276 


12AB 


Q3 
6D 
18 
6E 


1276 


28 


18 


LDA #S | 

STA CNT S->CNT 

LDA #27 

STA CALCNT 27->CALCNT 

JSR LCDSET Store CALN 

RTS 
* 
DHE HOC IC ICICI CC ICR CONC IC DIC DIC IC IC IC ICC DIK KC IC CK IC KK DIK DIC IC IK 2K DIK IC IC IC CIC IC CIC DK CIC CK 
* 1” 
os NAME > LOAD ELAPSED TIME DATA * > 
« INTO DISPLAY RAMCTELLCD) * 
* *K 
DEE IC HC DC IC CCI CC CK IK KK IC HEC IC ICC IK KC IC I CCK IK IK DC IK 2K DIK OIC 2 IC IC CC IC OK CC 2K IK 
*K * 
* ENTRY > CNT. FLAG OK 
> RETURNS : LCDM >» 
* * 
OROOR OOOO OR OOO OOOO HOR IO IORI OK OK IOIOK OK OKO OK KOKI I KOK IK 
TELLCD JSR LCDOMST 

LDA #3 

STA CNT 3->CNT 

LDA #27 

STA CALCNT 8->CALCNT 

JSR LCOSET 

RTS 
* 
DC AC DI IC DIC OI DC IK 2 EC IC IC 21 IC OK DK 2K DIC CK EC IC OC 2 COI DIC IC OC ICC OC OCI IK IC IC HOI KI 2 2K KK 2K 
* * 
* NAME >: LOAD DATA INTO DISPLAY RAM ss 
* CLCOSET) *— 
* »* 
OR IORI ORO HOR OR KOK HOR IOI IOI IOI IK IK OKI IC I IFC III CK IC ICC IC IC 2K IC IK ICI 2K 
*K * 
>» ENTRY : CNT, FLAG ok 
RETURNS: LCOM * 
* xK 
FORO HOROIOIOHOIOHOI HOR ORCI ICCC DK IC KC I ICI IC IC ICICI CIC ICI IC KCK IK IC KC IK CK 
LCDSET LOX CNT 
LCDSE1 BRSET 3,.FLAG,LCDSE2 

LDA CALNDR-1.X Load calendar data 
LCDSE3 AND #$0F 

ADD #'O Data~>ASCITI 

LDX CALCNT 

STA LCDM, X 

DEC CALCNT 

LOX CNT 

BRSET 3,FLAG.LCDSE6 

LDA CALNDR-1.X 
LCOSE? LSR A Shift 4 bits to right 

LSR A 

LSR a) 

LSR A 

ADD #'O -> ASCII 

LOX CALCNT 

STA LCDM, X 
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02421 1298 3A 6D DEC CNT Decrement CNT 


02422 129A 3A 6E DEC CALCNT Decrement 2 CALCNT 

02423 129C 3A 6E DEC CALCNT 

02424 129E BE 6D LDX CNT Load pointer 

02425 12A0 26 Dé BNE LCDSE1 
/ 02426 12A2 81 RTS 

02427 12A3 E6 61 LCDSE2 LDA TEL-1,.X Load charge counter 

02428 12AS 20 D6 BRA LCDSE3 | 

02429 12A7 E6 61 LCDSE6 LDA TEL-1,X Load charge counter 

02430 12A9 20 E3 BRA LCDSE? 

02431 * 

02432 OOOO OOO ORO OOOO OOK IO IO IORI IOK I HOK 
02433 * * 
02434 >» NAME >: LOAD DISPLAY FORMAT <LCOMST)~ x 
02435 * x 
02436 OR OOIOROOIOOOIORIOOOOOOOOR OOOO ORK OOO OR IORI IOI OOK KC 
02437 2 * * 
02438 »* ENTRY > FLAG * 
02439 »* RETURNS : LCDM * 
02440 * * 
02441 OOOO IOI OOOO OOOO OOK HOI IO IOK OHOIOIOK IK 
02442 12AB CD 1966 LCDMST JSR LCOMCR Clear diaplay RAM 

02443 12AE AE OF LDX #SF 15->IX 

02444 12B0 06 42 09 LCOMS1 BRSET 3.FLAG.LCOMS2 Catendar or charge? 
02445 12B3 D6 19E2 LDA CALDAT-1,.X For calendar & time display 
02446 12B6 E? 7D LCDOMS3 STA LCOM+12.X Store in display RAM 
02447 1288 SA DEC X 

02448 12B9 26 FS BNE LCDMS1 

02449 12B6B 81 RTS 

02450 128C D6 19F1 LCDMS2 LDA TELDAT-1,X For elapsed time display 
02451 12BF 20 FS BRA LCDMS3 

02452 * | 
02453 KKK SUBROUTINES OOOO OOO OOOO OR IOOOIOK KOK OK OK 
02454 * 

02455 * 

02456 OOOO OO IO IOOIOOR IOI IORI IORI OIRO OI IO IOI OK OK HOKIK 
02457 * | * 
02458 >» NAME >: REVIEW DATA CKENSAK) 1 
02459 * * 
02460 OOOO OR OOO OOOO OOOO OOK OO IOI OK ROK OK IOK 
02461 »* * 
02462 >» ENTRY >: RFDAT. FLAG *« 
02463 * RETURNS : FLAG. LCDM | * 
02464 | * * 
0246S OOOO IO OOOO OOOO OO OOOO IO IOI HIOKKIOK 
02466 12C1 A6 20 KENSAK LDA #$20 Clear " * " 

02467 12C3 B? 98 STA LCDM+39 

02468 12C5 19 42 BCLR 4,FLAG 

02469 12C7 Bé 45 KENSK1 LDA OTDP Load start address of the data 
02470 12C9 B7? 47 STA SDP 

02471 12CB Bé 46 LDA DTOP+1 

02472 12CD B7? 48 STA SDOP+1 

02473 12CF 3F 49 CLR DTCNT 

02474 1201 CD 187C JSR INPDAT Load data from external RAM 
02475 1204 Bé 4A LDA DATA Search space area 
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02476 
02477 
02478 
02479 
02480 
02481 
02482 
02483 
02484 
02485 
02486 
02487 
02488 
02489 
02490 
02491 
02492 
02493 
02494 
02495 
02496 
02497 
02498 
02499 
02500 
02501 
02502 
02503 
02504 
02505 
02506 
02507 
02508 
02509 
02510 
02511 
02512 
02513 
02514 
0251S 
02516 
02517 
02518 
02519 
02520 
02S21 
02522 
02523 
02524 
02525 
02526 
02527 
02528 
02529 
02530 
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12D6 
1208 
12DA 
120C 
12DE 
1261 
12E3 
LZES 
12E7 
LZE9 
1268 
LZEe 
12FO 
LZeS 
iZFS 
12F6 
12F9 
12FB 
12FD 
LZ2FE 
1300 
1302 
1304 
1306 
1308 
130A 
130D 
1310 
1312 
1314 
1316 
1318 
131A 
131C 
131E 
1321 
1323 
1326 
1328 
132A 
132D 
LS ZF 
1331 
1333 
1559 
1337 
1339 
1338 
1330 
LSSE 
1342 
1345 
1347 
1349 
134B 


KENSK2 
KENSK3 


KENSK4 
KENSKS 


KENSK6 
KENSK? 


KENSK8 


KENSK9 


KENSKA 


BNE 
LDA 
CMP 
BNE 
JMP 
LDA 
BEG 
LOA 
CMP 
BNE 
JSR 
INC 
JSR 
BRA 
CLR 
LDA 
CMP 
BNE 
INC 
CPX 
BNE 
LDA 
STA 
CLR 
BSET 
JSR 
JMP 
BCLR 
LOA 
ADD 
STA 
LDA 
ADC 
STA 
JSR 
LDA 
CMP 
BEO 
INC 
BRSET 
LDA 
CMP 
BNE 
LDA 
ADD 
STA 
LDA 
ADC 
STA 
BRCLR 
JSR 
LDA 
BMI 
LDA 
CMP 


KENSK2 
MODFLG 
H$4 
KENSK9 
KNSRTS 
TRMFLG 
KENSK9 
DATA 
#$20 
KENSK4 
DTADD 
DOTCNT 
INPDAT 
KENSK3 
X 


REFDAT, X 


#$20 
KENSK6 
X 

#20 
KENSKS 
#$10 
BZRCNT 
BZR 


3,B2RFLG If all data 


LCDMCR 
KNSRTS 
S,FLAG 
OTCNT 
SDP +1 
OTOP +1 
SDP 

HO 
DTDP 
INPDAT 
DATA 


Data = SP? 


is SP. buzzing 


Clear equal flag 
Store next data address 


REFDAT.X Compare data 


KNSKEQ 
OTCNT 


S,FLAG,KENSK4 Check equal flag 


OTCNT 
#20 
KENSK? 
SDP+1 
#29 
DTDOP+1 
SOP 

#O 
DTOP 


Store pointer of next data 


2. FLAG. KENSKA Check search direction flag 


DT SUB 
DTOP 
KENSKD 
DTDP 


Test if pointer shows Last address 


HRAMEND/ 256 
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02531 
02532 
02553 
02534 
02535 
02536 
02537 
02538 
02539 
02540 
02541 
02542 
02543 
02544 
02545 
02546 
02547 
02548 
02549 
02550 
02551 
02552 
02553 
02554 
02555 
02556 
02557 
02558 
025589 
02560 
02561 
02562 
02563 
02564 
0256S 
02566 
02567 
02568 
02569 
02570 
02571 
02572 
02573 
02574 
02575 
02576 
02577 
02578 
02579 
02580 
02581 
02582 
02583 
02584 
02585 


134D 
134F 
1352 
1354 
1356 
1358 
1358 
1350 
135F 
1361 
1363 
1365 
1367 
1368 
136B 
136D 
1370 
1372 
1375 
13?? 
1379 
1376 
137D 
137?F 
1381 
1383 
1385 
1387 
1389 
1388 
138E 
1390 
L392 
1394 
1396 
1399 


139A 
1398 
139D 
139F 
13A1 
13A3 
13A5 
13A6 


SF 
E6 
Al 
26 
A3 
Z¢ 
SC 
20 


42 0B 


71 
oc 
13 
03 


FS 





BEG 
JMP 
KENSKB LDA 
CMP 
BCS 
IMP 
KENSKC LDA 
CMP 
BNE 
BSET 
BSET 
BRA 
KNSKEQ INC 
JSR 
BSET 
LDA 
BNE 
BRCLR 
LDA 
STA 
BRA 
KNSEG1 BSET 
LDA 
STA 
LDA 
STA 
BRA 
KENSKD CLR 
CLR 
KENSKE BRCLR 
LDA 
STA 
LDA 
STA 
JSR 
KNSRTS RTS 
* 


KENSKB 

KENSK1 

DTDP+1 

HRAMEND*256/256 

KENSKC 

KENSK1 

MODFLG 

HDG 

KENSKE 

O.ERFLG If RAM is full, display "FULL" 
2,ERFLG 

KNSRTS 

X 

DTADD 

S.FLAG 

REFDAT.X 

KENSK8 

4,FLAG,.KNSEQ1 

#$2A 

LCDM+39 

KENSKE 

4,FLAG 

SOP 

DTADS 

SOP+1 

DTADS+1 

KENSK9 

DTOP Clear data table pointer 
DTDP+1 

4,FLAG.KNSRTS Check pL. ‘flag 
DTADS Display data reviewed 
DTDP 

DTADS+1 

DTDP+1 

DTLCD 


OOOO IOIOIOIOR IOI OROIOK IOOICIOR OK OK OOK OOK OK OKO IO OK OK OK OK OK KOK 


* 


* NAME 
* 


* 


> ENTER DATA (TOROKU) * 
* 


DK DK DIC DC IK DIC KK CC HCI KC KC CIC CC IK CIC CICK HOKE HOOK 2K 2K DIK OK KC ICICI OK 2 KK 


* 


* 


* ENTRY > DTOP. LCDM »* 
* RETURNS : NOTHING > 
* * 
DHE DC DIK HC IK CK KK 3K IC KK IC 2K 3K 3K ICC IK CK IK CK 3K CK IC IC CC IC IC IK KK IC IK IC KIC KK CK IC IK 
TOROKU CLR X Clear pointer 
TOROK1 LDA LCDM. X . 

CMP #$20 Data = SP? 

BNE TOROKS 

CPX #19 SP = 20 digit? 

BEQ TORDK2 

INC xX Increment pointer 

BRA TOROKI 
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02586 
02587 
02568 
02589 
02590 
02591 
02592 
02593 
02594 
02595 
02596 
02597 
02598 
02599 
02600 
02601 
02602 
02603 
02604 
02605 
02606 
02607 
02608 
02609 
02610 
02611 
02612 
02613 
02614 
02615 
02616 
02617 
02618 
02619 
02620 
02621 
02622 
02623 
02624 
02625 
02626 
02627 
02628 
02629 
02630 
02631 
02632 
02633 
02634 
02635 
02636 
02637 
02638 
02639 
02640 
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13A8 
13AB 
13AD 
13AE 
13B0 
13B2 
13B5 
13B6 
1389 
13BB 
13BD 
13BF 
13C1 
13C3 
13CS 
13C? 
13C9 
13CB 
13CD 
1 SUF 
1301 
1303 
1305 
13D7 
13DA 
130C 
13DE 
13E0 
13E2 
13E4 
13E6 
13E8 
13EA 
13EC 
13EE 


13F1 . 


13F3 
13F5 
13F8 
13FA 
13FD 
1400 
1401 
1404 
1406 
1408 


TOROK2 JSR LCDMCR Clear display RAM 
BRA TRKRTS 

TOROK3 CLR X 

TOROK4 LDA LCDM, X 


STA DATA Store data in output RAM. 

JSR DUTDAT Outout data , 

INC x 

JSR DTADD : 

CPX #20 Test if 20 digits are entered 


BNE TOROK4 
MOD9S CLR TRNS 
LDA #20 Initialize pointer for external RAM 
STA HOLD 
TRKC1 LOX HOLD 
LDA LCDM. X 


CMP #$20 Data = SP? 
BNE TRKC2 
INC HOLD If SP. increment pointer 


BRA TRKC3 
TRKC2 CMP R$23 
BNE TRKCS 


LDA H#$2E 
TRKCS LDX TRNS Load data into saving RAM 
STA REFDAT.X 
INC HOLD Increment pointer 
INC TRNS 
TRKC3 LOA HOLD 
CMP #38 Complete entering? 
BNE TRKC1 
TRKC4 LDA TRNS Complete saving? 
CMP #18 
BEG TOROKS 
LOX TRNS 
LDA HOFF 
STA REFDAT.X Load $FF into rest area 
INC TRNS 


BRA TRKC4 

TOROKS JSR MOVE 2 Load data 
LDX #20 

TOROK6 JSR TELNO] Change 2bytes into lbyte 
JSR OUTDAT 


INC X 
JSR DTADD Output data 
CPX #38 


BNE TOROKS Test if entering is complete 
TRKRTS RTS 
* 
DAK KK IC IK KCC IK CIC IK CK I CICK KIC CI ICI IK IC III KIC KICK IC IK IKK CK IK CICK IK IC OK 


* * 
x NAME > SEARCH SPEED DIAL NO.c¢TAN) * 
> *K 
DK OK DK IC IK IC IK IK IKK IK IK IK II KOI OK ICOIOOHOK CIC 2K IC CICK KK IKK 9K KIO IK COOK OK KCK 
* > 
« ENTRY =< LCOM >» 
>» RETURNS : OIALNO, MEMO. LCDM, CURADP * 
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02641 
02642 
02643 
02644 
02645 
02646 
02647 
02648 
02649 
02650 
02651 
02652 
02653 
02654 
02655 
02656 
02657 
02658 
02659 
02660 
02661 
02662 
02663 
02664 
0266S 
02666 
02667 
02668 
02669 
02670 
02671 
02672 
02673 
02674 
02675 
02676 
02677 
02678 
02679 
02680 
02681 
02682 
02683 
02684 
02685 
02686 
02687 
02688 
02689 
02690 
02691 
02692 
02693 
02694 
02695 


1409 
140B 
1400 
140F 
1411 
1413 
1415 
1417 
1419 
1418 
141D 
141E 
1420 
1422 
1424 
1427 
142A 
142B 
142C 
142F 
1431 
1433 
1436 
1437 
1439 
1438 
143E 
143F 
1441 
1443 
1445 
1448 


1449 
1440 
144D 
144F 
1451 
1454 
1455 
1457 
1459 


SE 
CD 
Bé 
are 
CD 
SC 
A3 
26 
CD 





LIOE 


187C 
4A 
Ea 
18C4 


14 
Fi 
LEC 


* 


* 


DEC DIC DC DI KK CK IK I CIC IC CICK IC IC I 2K IK IC CICK 2 KC CICK 2 CC COI 9K 2 2K 2K 2G OK COOK OK 


TAN LDA 
AND 
STA 
LOX 
LDA 
STA 
LOA 
STA 
ADD 
STA 
DEC 
CPX 
BNE 
LDX 
JSR 
JSR 
INC 
INC 
JSR 
CPX 
BNE 
JSR 
CLR 
LDA 
STA 
STA 
INC 
CPX 
BNE 
CLR 
JSR 
RTS 


TANI 


TANZ2 


TANS 


* 


LCDM+9 
#SOF 
DTOP+1 
DTOP+1 
#$17 
DTDP 
#SF7 
OTDP+1 
#9 
DTOP+1 
X 

#SFF 
TANI 
#20 
INPDAT 
TELNOZ2 
xX 

X 
DTADD 
#38 
TAN2 
MEMCLR 
x 


Load speed dial no. 


Search data in external RAM 


Load speed dial no. 
Change 1 byte to 2 bytes 


Clear memo for redialings 


LCDM+19.X Display speed dial no. 


DIALNO. X 


MEMO, X 
x 

#20 
TAN3 
CURADP 
LCD 


DAK DIK DIC 4 2 KK CK 2 2K IK IC IC IK IC IC OI IC RCC OIC COI COI IC CC CIC DIC IC EC IK IC IK 2K 2K IK 3K 2K KK 2K IK 


*K 


* NAME 


* 
*K 


*K 


> DISPLAY DATA FOR ONE PERSON x 


CDTLCD) * 
* 


DK IE OK 2G DIC CHC KK 2 IC IK 2 IC OC KCC IC OIC CICK CE IK IK IK 2K 2 3 CK IK 2 DK IC 3 COKE 2K IC IC 2 2 2 2K 


K 


* 


* ENTRY > DTOP * 
* RETURNS : LCDM * 
2 x 
DOI OOK KOI OK OHOHOK HOH HOI ICICI ICICI IC IC IK CK CCC KK ICICI OIC CIC ICCC OK 
DTLCD CLR x 
DTLCD1 JSR INPDAT Load name from external RAM 
LDA DATA 
STA LCOM. X Display name 
JSR DTADD 
INC X 
CPX #20 
BNE DTLCD1 
DILCDZ:.3SR INPDAT Load dial no. from external RAM 
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02696 145C CO 1838. JSR TELNOZ Chanse 2 bytes to 1 byte 


02697 145F CD 18C4 »? “ESR DTADD 

02698 1462 SC INC x 

02699 1463 SC INC X 

02700 1464 A3 26 CPX #38 

02701 1466 26 Fl BNE DTLCD2 Test if input data is complete 
02702 1468 CD 110E JSR. LED Display name and telephone no. 
02703 146B 81 RTS 

02704 > 

02705 OOOO OOOO OOORORIOR ORO OK OOK KOK IO HOK 
02706 > * 
02707 > NAME >: CLEAR DIAL NUMBER <DIACLR)D * 
02708 * *« 
02709 2ROOKOOROOIORIOROOOROOIOROOOKOIOROOROOOOR OOOO OK OK KOK HIOKKICOHK OK 
02710 »* * 
02711 >» ENTRY > NOTHING »K 
02712 * RETURNS : OIALNO * 
02713 > * 
02714 FOR OOO OROOOOOOORIOO OOO OOO ORO OR IO IO OI OOK IK IOKK HOK KOK 


02715 146C AE 15 DIACLR LDX #21 
02716 146E A6é 20 OIACL1 LDA #$20 


02717 1470 E7 98 STA DIALNO-1,X Clear dial no. 

02718 1472 SA DEC X 

02719 1473 26 F9 BNE DIACLI1 

02720 1475 81 RTS 

02721 > 

02722 SOOO OR OOOO OOOO OR IGOR IO IO OI OOOO OK KKK KO HOKOK 
02723 * * 
02724 * NAME >: CLEAR MEMO FOR REDIALING * 
0272S * (MEMCLR) >» 
02726 »K * 
02727 OOOO OOOO ORO OR OOOO OOK OOO OK IORI IK HOK 
02728 * . > 
02729 > ENTRY > NOTHING > 
02730 RETURNS : MEMO * 
02731 *« * 
02732 FORO OOOO OOOO ORO OR ORO IOK IO KOK HK IOK 


02733 1476 AE 15 MEMCLR LOX #21 
02734 1478 A6 20 MEMCL1 LDA ~#$20 


02735 147A E7 FF STA MEMO-1.X Clear memo for redialing 
02736 147C SA DEC X 

02737 147D 26 F9 BNE MEMCL1 

02738 147F 81 RTS 

02739 * 

02740 OOOO OK OOK OOK IOI OR IOI IO OK OK IK OK OKIOK KOK KOK IKOKOK 
02741 2K ; * 
02742 >» NAME > CLEAR DISPLAY RAM CCLEAR). as 
02743 2K * 
02744 FORO OOOO OOK OR OOO OOK OK OK IOK OK OK OK OK IOKIOKOK IK 
02745 * * 
02746. * ENTRY > NOTHING >» 
02747 »K RETURNS : LCDM * 
02748 * * 
02749 OKO IOIOORIOOOQORO OOOO OK ORO OK OK OK IOROIOK IOKOK KKK IK 


02750 1480 AE 28 CLEAR LDX #40 
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02751 1482 4F CLR1 CLR A 


02752 1483 E?7 70 STA LCDM-1.X Clear display RAM 

02753 1485 SA DEC X 

02754 1486 26 FA BNE CLR1 

02755 1488 81 RTS 

02756 * 

02757 FO IO OOOO OOOO OR IO OOK ORO IO IO OK OK KOK KOKO AK 
02758 2k >» 
02759 * NAME > CLEAR ELAPSED TIME CTELCLR) * 
02760 * > 
02761 FORO OOOO OOK OOK OR OK OR OI OK OK IOIOK OKO IK IOK KOK KOK 2K 
02762 * * 
02763 >» ENTRY > NOTHING * 
02764 * RETURNS : TEL >» 
02765 * »* 
02766 OOOO OOOO OOOO OR ORO OK IOI OK KOK IOK OK HOOK KK KOK 


02767 1489 AE 03 TELCLR LDX #3 
02768 148B 6F. 61 TELCL1 CLR TEL-1.X Clear elapsed time counter 


02769 1480 SA DEC X 
02770 148E 26 FB BNE TELCL1 
02771 1490 81 RTS 
02772 * 
02773 FOO OOK OK OOO ORO OK ORO IOI KK OK KI OK 
02774 > *« 
02775 > NAME > LOAD CALENDAR & TIME DATA * 
02776 * INTO DIAPLAY RAM CSHUCAL) x 
02777 * K 
02778 OOOO OK OOOO OOK HOKIOK OK KOK HOK 
02779 * * 
02780 * ENTRY > CALNOR, CURADP * 
02781 * RETURNS : LCDM * 
02782 > * 
02783 FOR OOOO OOOO OOOOOOROOOOOQ OOK OIOK IOKIOKKOK 
02784 1491 17 42 SHUCAL BCLR 3,.FLAG Clear flag 
02785 1493 CD 1258 JSR CALLCD 
02786 1496 A6 OF LDA H#SF 
02787 1498 B? 4B STA CURADP Define cursor position 
02788 149A A6 OE LDA #14 
02789 149C B? 40 STA LCDMP 
02790 149E 81 RTS 
02791 >» 
02792 FOO OOO OOOO OOO OOOO IO IOKIOKIOK OK OKI KC HOKK 
02793 *« | * 
02794 * NAME > CHECK CALNDAR & TIME CCALSHU) x 
0279S * * 
02796 OOOO OOO IORI OOO OOK OI OK IOI IK I OK KHOR KK IOK OK IOK 
02797 K >» 
02798 * ENTRY > LCDM * 
02799 > RETURNS : CALNOR. TELFLG. ERFLG * 
02800 * * 
02801 OOOIOIOIOIOK OOOO OOK ORO ORO OOK OK OOOO ORK HOK IK IOHOK IK OK 
02802 149F A6 02 CALSHU LDA #2 
02803 14A1 B? 6D STA CNT Set digit counter 
02804 14A3 3F 6F CLR SHUCNT Clear pointer 
0280S 14AS 3F 6E CLR CALCNT 
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02806 
02807 
02808 
02809 
02810 
02811 
02812 
02813 
02814 
02815 
02816 
02817 
02818 
02819 
02820 
02821 
02822 
02823 
02824 
02825 
02826 
02827 
02828 
02829 
02830 
02831 
02832 
02833 
02834 
02835 
02836 
02837 
02838 
02839 
02840 
02841 
02842 
02843 
02844 
02845 
02846 
02847 
02848 
02849 
02850 
02851 
02852 
02853 
02854 
02855 
02856 
02857 
02858 
02859 
02860 


1130 


14A7 
14A9 
14AA 
14AB 
14AD 
14AF 
1481 
14B3 
1485 
14B7 
14B9 
14BB 
14B6C 
14BD 
14BE 
14BF 
1401 
14C3 
14C5 
14C? 
14C9 
14C8 
14CD 
14CF 
1401 
1403 
14D5 
1407 
14D9 
14DA 
14D0C 
1400 


140F | 


14E1 
14E3 
14E5S 


14E8 


14EA 
14EC 
14EE 
14F0 
14F2 
14F4 
14F6 
14F8 
14F9 
14FA 
14FB 
14FC 
14FD 
14FF 
1500 
1501 
1503 
1505 


CO 
CO 


CO 
65 


CALSH1 


CALSH3 
CALSH4 


CALSHS 


CALSH? 


CAL SH9 
CAL SH2 


CALSH6 


DAY 


LDX 
CLR 
CLG 
LDA 
CMP 
BCS 
ADD 
BCS 
ADD 
LDX 
BEG 
LSL 
St 
LSL 
LSL 
LDX 
STA 
DEC 
INC 
LDX 
CPX 
BNE 
LDX 
LDA 
CPX 
BCC 
BEG 
STA 
DEC 
BNE 
RTS 
LOX 
ADD 
CPX 
BEG 
CMP 
BCC 
STA 
LDA 
STA 
INC 
BRA 
STA 
LDA 
LSR 
LSR 
LSR 
LSR 
ESL 
STA 
LSL 
LSL 
ADD 
STA 
LDA 


CALCNT 
A Clear ACCA 

Clear bit C 
LCDM+13,X i 
#'O Key data = 0-9? 
CALS10 
#$C6 
CALS10 . 
#SOA Convert ASCII into BCD 
CNT Load digit counter 
CALSH2 Check digit 
A Shift 4 bits left 
A 
A 
A 
SHUCNT 


SHUSTA.X Store modified data 


CNT Decrement digit pointer 
CALCNT LCOM+13 increment 
CALCNT 

HSF CALCNT=157? 

CALSH1 

#S 


SHUSTA-1,.X Load SHUSE DATA 


#3 MONTH and DAY 7? 
CALSH? 

CALSH8 Error 
CALNDR-1.X store CALNOR 
X 

CALSHS Ix=0 ? 

SHUCNT 

SHUSTA.X Ist digit? 

#1 

DAY 

SHUSE , X 

CALSH8 Error 


SHUSTA,.X SHUSEdata->SHUSESTA 
#2 

CNT 
SHUCNT 
CALSH4 
HOLD 
SHUSTA 


2->CNT 
Increment SHUCNT 
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02861 1507 A4 OF AND HSOF 


02862 1509 BB CO ADD TRNS 

02863 150B 97 TAX 

02664 150C B6 BF LDA HOLD 

02865 1S0E D1 1A00 CMP MONTH-1,X MONTH data table 

02866 1511 AE Ol LDX #1 1->1IxX 

02867 1513 20 03 BRA CALSH6 

02868 1515 4F CALSH8 CLR a Prepare for error process 
02869 1516 B? GF STA BZR 

02870 1518 B? 43 STA TRMFLG 

02871 151A 10 BE BSET O,ERFLG 

02872 151C 20 BE BRA CALSH9 

02873 1S51E Bé 6D CALS10 LDA CNT 

02874 1520 Al 02 CMP #2 

0287S 1522 26 Fi BNE CALSH8 

02876 1524 20 9D BRA CALSH3 

02877 * 

02878 OOOO OOOO OK OOOOOIOOO IOI OK KOK OK IOI KOK KOK KOK 
02879 > * 
02880 > NAME > DISPLAY RETRYING NUMBER * 
02881 > (DIAL2> * 
02882 * * 
02884 * * 
02885 * ENTRY > DIANO2, MEMO >» 
02886 * RETURNS : LCDM * 
02887 * > 


02889 1526 AE OE DIAL2 LDX #14 
02890 1528 D6 1ASS DIAL21 LDA DIANO2-1,X Display "RETRY" 


02891 152B E7 71 STA LCOM. X 
02892 152D SA DEC X | 
02893 152E 26 F8 BNE DIALZ1 
02894 1530 SF CLR X | 
0289S 1531 D6 0100 DIAL22 LDA MEMO, X Load retry no. 
02896 1534 E7 8S STA LCDM+20, X 
02897 1536 E? 99 STA DIALNO, X 
02898 1538 SC INC x 
02899 1539 A3 14 CPX #20 
02900 1538 26 F4 BNE DIAL22 
02901 1530 CD 110E JSR LCD Display retry no. 
02902 1540 81 RTS 
02903 > 
02904 FORO OOOO OR OR IORI OI OOK OI OIOK 10K KKK KOK 2K KKK 0K OK 2K 2401 KK KOK 
0290S > | * 
02906 >» NAME > INITIALIZE INTERNAL RAM * 
02907 »K CARGINT) > 
02908 * * 
02909 FORO OR OO IORIOOI OOOO ORO OOOO ORO OK OK I OIOIOK KKK KOK KK 2K 
02910 * * 
02911 « ENTRY > NOTHING * 
02912 > RETURNS : NOTHING * 
02913 > * 
02914 DOO OOOO IO OOOO OOOO OK OOK KOK OK I OK OK OK OK IOK OK KK KOK 
02915 1541 9B ARGINT Sel 
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02916 1542 CD 1172 JSR LCDRES 
02917? 1545 CD 1195 JSR LCDINT Initialize LCD 


02°18 1548 9A Cid 
029.9 1549 CD 1489 JSR TELCER Clear TEL counter 
02920 154C CD 146C JSR DIACLR 
02921 154F CD 1476 JSR MEMCLR 
02922 1552 4F CLR A 
02923 1553 B? 6C STA POINTR Clear RAM 
02924 1555 B7? 6E STA CALCNT 
02925 1557 B87? 6D STA CNT 
02926 1559 B? 4B STA CURADP 
02927 1558 B7 6F STA SHUCNT 
02928 1550 C7? 0137 STA SHUSEC 
02929 1560 B? 6B STA CNTBIT 
02930 1562 B? 44 STA TELFLG 
02931 1564 B? Bé STA TELWAT 
02932 1566 C7? 0139 STA TELNO 
02933 1569 C7? 013A STA TELCNT 
02934 156C B? Bd STA REC 
0293S 156E B7 BS STA MFDAT 
02936 1570 B? 42 STA FLAG 
02937 1572 B? AE STA WAITI 
02938 1574 B? AF . STA WAIT2 
02939 1576 B? BO STA WAITS 
02940 1578 B? Bl STA WAITS 
02941 157A B? B2 STA WAITS 
02942 157C B? B3 STA MEMOP 
02943 1S7E B? GE STA BZRFLG 
02944 1580 B? 4F STA BZR 
02945 1582 B87? BC STA DIAP 1 
02946 1584 B7? BD STA OIAP2 
02947 1586 C? 0138 STA ERR1 
02948 1589 C7? 013C STA ERR2 
02949 158C B? BE STA ERFLG 
02950 1S58E AE 04 LOX #4 
02951 1590 4F ARG16 CLR A 
029S2 1591 D7 0128 STA ADDRAT-1.X Clear ADDRAT 
02953 1594 SA DEC x 
02954 1595 26 F9 BNE ARG16 
02985 1597 AE 02 LDX #2 
02956 1599 4F ARG1i? CLR A 
02957 159A E7 Sl STA SEC-1.X Clear SEC 
02958 159C SA DEC X 
02959 159D 26 FA BNE ARG17 
02960 159F AE 02 LOX #R2 
02961 1SAl 4F ARG18 CLR A 
02962 1S5A2 D?: 0134 STA SECCNT-1,.X Clear SECCNT 
02963 1S5AS 5A DEC x 
02964 1S5A6 26 F9 BNE ARG18 
02965 1S5A8 CD 17A7 JSR TOLCLR Clear TOTAL 
02966 1S5AB CD 17B1 JSR SNGCLR Clear SINGL 
02967 1SAE AE OS LDX #S 
02968 15B0 6F SC ARG19 CLR CALNOR-1.X 
02969 1S5B2 SA DEC x 
02970 15B3 26 FB BNE ARG19 
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02971 1SBS AE 04 LDX #4 
02972 15B7 A6é O01 ARG100 LDA #1 


02973 1589 E? SC STA CALNDR-1.X 

02974 15BB SA DEC X 

0297S 1SBC 26 F9 BNE ARG100 

02976 1SBE AE OS LDX #S 

02977? 1S5CO A6 20 ARG110 LDA #$20 

02978 15C2 E7 Bé STA DIADAT-1.xX 

02979 15C4 SA DEC X 

02980 15CS 26 F9 BNE ARG110 

02981 15C7 CD 1001 JSR CANCEL Initialize for telephone circuit 
02982 15CA CD 1038 JSR CALRST 

02983 1S5CD 81 RTS 

02984 * 

02985 FOROROIOOIOOROIOOORIOOOIOORIOIORIOR OOO OOOIOIOOIOR IOIOOIOIOK OK KK 
02986 K * 
02987 K NAME > COUNT CHARGE (MONEY) * 
02988 * . * 
02989 ORO OOOO OIORIOOI IOI OIRO KOK IOK KOK KK 
02990 * * 
02991 »K ENTRY >: ADDRAT. SEC . * 
02992 >» RETURNS : SINGL. TOTAL * 
02993 >» * 
02994 OOOO OOOO IORI OO OK IO IO IOI OK HOOK KK KKK 
02995 1SCE AE 02 MONEY LDX #2 2->IX 

02996 1500 99 SEC L])% 

02997 1501 4F MONEY1 CLR A 

02998 1502 D9 0134 ADC SECCNT-1,.X 1 sec up 

02999 15D0S 8D DAA 

03000 1506 D? 0134 STA SECCNT-1.X 

03001 1509 SA DEC X 

03002 1SDA 26 FS BNE MONEY 1 IX=07 

03003 1SDC Bé S3 LDA SEC#1 SEC=SECCNT? 

03004 1SDE C1 0136 CMP SECCNT+1 

0300S 1561 26 2E BNE MONEYS 

03006 1563 Bé S2 LDA SEC 

03007 1SES Ci 0135 CMP SECCNT 

03008 1SE8 26 27 BNE MONE Y4 

03009 1SEA 4F CLR A 

03010 1SEB C? 0136 STA SECCNT+1 Clear SECCNT 

03011 1SEE C7? 0135 STA SECCNT 

03012 1SFi AE 04 LDX HG 

03013 1SF3 98 CLC Clear bit C 

03014 1SF4 06 0128 MONEY2 LDA ADDRAT-1.X Ratet+accumuLated charge 
0301S 15F7 O09 0130 ADC TOTAL-1.X 

03016 1SFA 8D DAA 

03017 1SFB DO? 0130 STA TOTAL-1,X 

03018 1SFE SA DEC x 

03019 1SFF 26 F3 BNE MONE Y2 IxX=07 

03020 1601 AE 04 LOX #4 

03021 1603 98 Os 0->C 

03022 1604 D6 0128 MONEY3 LDA ADDRAT-1.X 

03023 1607 D9 012C ADC SINGL-1,.X rate+SINGlL CHARGE 

03024 160A 8D DAA 

0302S 1608 DO? O12C STA SINGL-1,X 
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03026 
03027 
03028 
03029 
03030 
03031 
03032 
03033 
03034 
03035 
03036 
03037 
03038 
03039 
03040 
03041 
03042 
03043 
03044 
03045 
03046 
03047 
03048 
03049 
030S0 
03051 
03052 
03053 
03054 
0305S 
03056 
03057 
03058 
03059 
03060 
03061 
03062 
03063 
03064 
03065 
03066 
03067 
03068 
03069 
03070 
03071 
03072 
03073 
03074 
03075 
03076 
03077 
03078 
03079 
O308C 
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i60E 
160F 
1611 


1612 
1614 
1617 
161A 
1610 
1620 
1622 
1624 
1626 
1628 
162A 
162C 
162F 
1632 
1635 
1638 
1639 
163A 
1638 
L6Sc 
163E 
1640 
1643 
1645 
164? 
1649 
1648 
164D 
164E 
£651 
1653 
1656 
1658 
1658 
165D 
1L65F 
1661 
1664 
1666 
L669 


aoe 


SA 
26 
81 


F3 


6B 37 


6B 39 
6B 30 


6B 32 
6B 34 
6B 36 
6B 38 


30 
6E 
6B 35 
1 
6E 
60 
6D 
Cr 


0130 
CD 
012C 
C8 
0128 
Gs 
Si 
BF 
0130 
D2 
01i2C 
CD 
0128 


DEC x 

BNE MONE Y3 
MONEY4 RTS 
*K 


DK CK DC CK DIC DIC IK CK IC 2K IC 2K HC KC IK CCC IK 2K IK CK DIK IK 2K DC IK IC IC IC IC IC IC KK IC 0K KK IC 2K 2k 


* * 
* NAME > CHANGE TO ASCII CMNYASC) * 
as >K 
SOOIOOOOOOOROOOOOOR OR OOOOCOORIOROO ORI IORI IK HOOK 
* > 
* ENTRY > TOTAL, SINGL. ADDRAT. SEC > 
* RETURNS : LCDM Kk 
»* * 


OOOO OOOO OOOO OOOO I IO IORI HOKIOOIOK K 
MNYASC LDX CNT 
MNYAS1 BRSET 2.CNTBIT.MNYAS6 TOTAL->AccA 
BRSET 3.CNTBIT.MNYAS? SINGL->ACCA 
BRSET 4¢.CNTBIT.MNYAS&8 ADDRAT->ACCA 
BRSET S,CNTBIT,MNYAS9 SEC->ACCA 
MNYAS2 AND HSOF 
ADD #'O 
LDX CALCNT 
STA LCDM. X 
DEC CALCNT 
LOX CNT 
BRSET 2,CNTBIT.MNYA13 
BRSET 3,CNTBIT,.MNYA14 
BRSET 4¢,CNTBIT,MNYAI1S 


BRSET S,CNTBIT.MNYA16 
MNYAS4 LSR A 

LSR A 

LSR A 

LSR A 

ADD #'O 


LOX CALCNT 

BRSET S.CNTBIT,MNYA1? 
MNYA10 STA LCDM,X 
MNYASS DEC CALCNT 


DEC CNT 
LOX CNT 
BNE MNYAS1 
RTS 


“MNYAS6 LDA TOTAL-1.X 


BRA = MNYAS2 
MNYAS7? LDA —_ SINGL~-1.X 
BRA  MNYAS2 
MNYAS8 LDA = ADDRAT-1.X 
BRA MNYAS2 
MNYAS9 LOA ~—- SEC-1..X 
BRA = MNYAS2 
MNYA13 LDA TOTAL-1.X 
BRA  MNYAS4 
MNYA14 LDA SINGL-1.X 
BRA = MNYASS 
MNYALS LDA ADORAT-1,X 
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03081 166—€ 70 C8 BRA MNYAS4 
03082 1670 A3 Ol MNYA16 CPX #1 


03083 1672 27 C4 BEQ MNYAS4 

03084 1674 E46 Sl LDA SEC=15.% 

03085 1676 20 CO BRA MNYASG 

03086 167& AZ 1B MNYA1? CPX #27 

03087? 167A 27 C9 BEQ MNYASS 

03088 167°C 20 CS BRA MNYALO 

03089 * 

03090 SOOO OOOO OOK OO ORO OOOO OOK IOK OK IOI IORI OK IK KOK KOK 
03091 * * 
03092 > NAME >: LOAD CHARGE DATA INTO > 
03093 *K DISPLAY RAM CSNGSTAD * 
03094 * * 
030958 OOOO OOOO OOOO ORI OOK ORO OOK KOK KOI OK KOKI KOHOK 
03096 * * 
03097 > ENTRY > NOTHING * 
03098 * RETURNS : LCDM * 
03099 * * 
03100 OOOO OOO ORO IOI OOK FORK FORK HOR OK OK IH OOK KOKI KOKO HOOK DK KK 
03101 167E CD 1966 SNGSTA JSR LCDMCR 

03102 1681 A6 02 LDA #2 

03103 1683 B7? 60 STA CNT 

03104 1685 A6 16 LDA #22 

03105 1687 B? GE STA CALCNT 

03106 1689 1A 68 BSE] 5S. CNIBIT 

03107? 1688 CD 1612 JSR MNYASC 

03108 168E€ 18 6B BCLR S-CNTEBET 

03109 1690 AE OD LOX #13 

03110 1692 06 1428 SNGS1 LDA RATDAT~-i,.%X 

03111 1695 E? 7? STA LCOM+1 Xx 

03112 1697 SA DEG xX. 

03113 1698 26 F8 BNE SNGS1 

03114 169A AE 04 LDX #4 

03115 169C 06 1A3 SNGS2 LOA SEECDAT— Dax 

03116 169F E? 80 STA LCDOM+15, xX 

03117 16A1 SA DEC X 

03118 1642 26 F8 BNE SNGS2 

03119 16A¢ AE OF LOX #15 

03120 1686 06 iA1C SNGS3 LDA CRGDAT-1.X 

03121 16A9 E? 8&8 STA LCDM+23.X 

03122 16AB SA DEC x 

03123 16AC 26 F8 BNE SINGS 

03124 16AE A6 04 LDA HG 4=>CNT © 
03125 16B0 B87 60 STA CNT | 

03126 1682 AG OE LDA #14 13->CALCNT 

03127 16B4 87? 6E STA CALCNT 

03128 1686 18 68 BSET 4,CNTIBIT RATE SET 

03129 1688 CD 1612 JSR MNYASC date->ASCII 

03130 16BB 19 68 BCLR 4,CNTBIT 

03131 16B8D AG 34 LDA #4 

03132 168F B? 6D STA CNT 

03133 16C1 A6 26 LDA £38 

035134 16C4 8? ar STA CALSCNT 

03135 16€5 (fe .5” RSet, SsCNTED” SrRRSe Sey 
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031346 1607 CD i419 GSR 


wr em tee Net aw tee aa £ 


MNTASC data--ASCil 


03137 16CA 17 6B BCLR Z.CNTSIT 
03138 16CC 81 RTS 
03139 >» 
03140 OOOO IO OR IOK OOOO OR OOOO OOOO OK OR IO OK IOK KI IOK KIO KIOK 
03141 * > 
03142 >» NAME > LOAD ACCUMULATED CHARGE * 
03143 * INTO DISPLAY RAM CTOLSTAD »* 
03144 * * 
03145 FOROOIOROOOORIOROOIOOOIOOOOR OOOO OOOO OOK OKI OK KOK IOK KICK 
03146 * * 
03147 * ENTRY > TOTAL *« 
03148 * RETURNS : LCDM * 
03149 * >» 
03150 ORO OOO IOROOK OOK OR OK OOK IO KOK IOIOK HOOK KHOI OK KOK KOK IK KOK IK 
03151 16CO CD 1966 TOLSTA JSR LCOMCR 
03152 1600 AE OF LDX #15 
03153 1602 Dé 1A1C TOLST1 LDA CRGDAT~-1.X 
03154 1605S E7 7D STA LCOM+12.X 
0315S 1607 SA DEC X 
03156 1608 26 F8 BNE TOLST1 
03157 16DA A6 04 LDA RG 
03158 160C B? 60 STA CNT 
03159 16DE A6 18 LDA R27 
03160 16E0 B? 6E STA CALCNT 
03161 16E2 14 6B BSET 2,CNTBIT Set charge 
03162 16E4 CD 1612 JSR MNYASC 
03163 16E7 15 6B BCLR 2 CNTBIT 
03164 16E9 81 RTS 
03165 Ok 
03166 OOOO OO OOK OK IO IORI IO OR IO IO IO IOK KOK IK KK 
03167 * . > 
03168 NAME >: SET CHARGE PER UNIT TIME »* 
03169 * CCRGSET> > 
03170 * 
03171 OOOO ORO IORI IO OO III IOI OK KOK KKK 
03172 * > 
03173 *x ENTRY >: ADDRAT, SEC * 
03174 * RETURNS : LCDM * 
0317S * * 
03176 OIC IOOIOOOIORIOOROOIOOOI OOOO OOOO OOK IO IOK IOK OK IK IOK KOK 
03177 16EA CD 1966 CRGSET JSR LCOMCR 
03178 16ED Aé6é AD LDA #SA0 
03179 16EF B7 88 STA LCDM+23 
03180 16Fi A6é 04 LDA #G 
03181 16F3 B7 6D STA CNT 
03182 16FS A6 16 LOA #22 
03183 16F7 87 6E STA CALCNT 
03184 16F9 18 6B BSET 4,CNTBIT Set rate 
03185 16FB CD 1612 JSR MNYASC Data->ASCII 
03186 16FE 19 68 BCLR 4,CNTBIT 
03187 1700 A6 02 LDA #2 
03188 1702 B87 6D STA CNT 
03189 1704 A6 1E LDA #30 
03190 1706 B7 6E STA CALCNT 
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03191 
03192 
031°3 
03194 
03195 
03196 
03197 
03198 
03199 
03200 
03201 
03202 
03203 
03204 
03205 
03206 
03207 
03208 
03209 
03210 
03211 
03212 
03213 
03214 
03215 
03216 
03217 
03218 
03219 
03220 
03221 
03222 
03223 
03224 
03225 
03226 
03227 
03228 
03229 
03230 
032351 
03232 
03233 
03234 
03235 
03236 
03237 
03238 
03239 
03240 
03241 
03242 
03243 
03244 
03245 


1708 
170A 
1700 
170F 
Ltd 
1714 
1716 
171? 
1719 
1718 
171E 
1720 
1721 
1723 
1725 
172? 
1729 
1728 


i Ze 
1?72E 
1730 
Lt 
1733 
1735 
173? 
1739 
173B 
1730 
17 3F 
1740 
1741 
1742 
1743 
1745 
1747 
1749 
174B 
174D 
1?4F 
1751 
1733 
ergot 
17S? 
Lis? 





68 
1612 


6F 
6D 


6F 
80 


65 
Cé 


OA 


6D 
65 
6F 
6F 


30 
4D 
Cé 
49 
OA 
6D 
65 


BSET 
ISR 
BCLR 
LDX 
CRGST1 LDA 
STA 
DEC 
BNE 
LOX 
CRGST2 LDA 
STA 
DEC 
BNE 
LDA 
STA 
LDA 
STA 
RTS 
* 


S,CNTBIT Set rate 
MNYASC Data->ASCII 
S.CNTBIT 

#5 

RATDAT~1.X 
LCDM+9, X 

x 

CRGST1 

#4 
SECDAT-1.X 
LCDM+23,X 

x 

CRGST2 

#16 

CURADP 

#15 

LCOMP 


OK IK IOR IORI OR OIOKOROI OK IOHOK OK HOROK EC OKO OKO HOOK HOOK ICI DK 2K KCK CK 


* 


»k NAME 


* 


>» 


STORE RATE COUNTER CRATSET) * 
* 


OOK OIOK HOR OIOIOROK IO OROR OK OK OK OR OK KOO KOKO IK OK KOKO OK HOHOK KOOKOKOOK 


* 


* 


»* ENTRY > LCDM »* 
* RETURNS : ADDRAT. SEC. TRMFLG. ERFLG a 
* * 
DKK KIC HCI CK IC IC ICICI ICICI ICICI IC IC ICI IC 2K CICK OKI IO OK IOKOK IOI COOK 
RATSET CLR SHUCNT 

CLR CNT Clear counter 

CLR A 

LDX SHUCNT 
RATSE1 LDA LCDOM+15.X Store ASCII 

CMP #'O ASCII>O ? 

BCS RATSES 

ADD #SC6 ASCII<9 ? 

BCS RATSES 

ADD KSOA 0-ASCII-9 

LSL A 

LSL A Second digit 

LSL A 

LSL A 

LDX CNT 

STA SHUSTA.X Store SHUSTA 

INC SHUCNT 

LOX SHUCNT 

LDA LCDM+15.X Store ASCII 

CMP #'O ASCII>O ? 

BCS RATSES 

ADD #SC6 ASCII<9 7 

BCS RATSES 

ADD HSOA 

LDX CNT 

ADD SHUSTA, X 
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03246 
03247 
03248 
03249 
03250 
03251 
03252 
03253 
03254 
03255 
03256 
03257 
03258 
03259 
03260 
03261 
03262 
03263 
03264 
03265 
03266 
03267 
03268 
03269 
03270 
03271 
03272 
03273 
03274 
03275 
03276 
03277 
03278 
03279 


03280. 


03281 
03282 
03283 
03284 
03285 
03286 
03287 
03288 
03289 
03290 
03291 
03292 
03293 
03294 
03295 
03296 
03297 
03298 
03299 
03300 
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117A? 
17A9 
17AA 
17AD 


AE 
GF 
OD? 
SA 


65 


6F 
6D 
6F 
08 


8D 
30 
a1 
0137 
BE 
30 
28 


0138 
8F 
30 
1B 
0138 
0138 
04 
64 
0128 


F8 
02 
0136 
51 


F8 
4F 
43 


BE 
FS 


04 
0130 


EL_Lyre ran Vv 
Se WIDOT A 


INC SHUCNT 


INC CNT 
LDX SHUCNT 
CPX #8 Rate end 7? 


BNE RATSE1 
LDA LCDM+28 SEC ASCII->deta 
SUB #'O Third digit 
BCS RATSES 
STA SHUSEC 
LDA LCDM+29 


SUB #'O 

BCS RATSES 

LSL A Second digit 
ESL A 

Sis A 

LSL A 


STA SHUSEC+1 
LDA LCDM+30 
SUB #'O First digit 
BCS RATSES 
ADD SHUSEC+1 
STA SHUSEC+1 
LDX #4 
RATSE2 LDA SHUSTA~1,X 
STA ADDRAT~-1.X Store ADDRAT 


DEC Xx 
BNE RATSE2 
LDX #2 


RATSE3 LDA SHUSEC-1.X 
STA SEC-1,.X Store SEC 


DEE x 
BNE RATSE3 
RATSE4 RTS 
RATSES CLR A 
STA BZR Clear BZR 


STA TRMFLG Clear TRMFLG 


BSET OQ,ERFLG Set error process request flag 


BRA RATSE4 
* 
OOK OOO OOOO OOOO IORI OOOO I OK OOK IOKK 


* *K 
x NAME : CLEAR ACCUMULATED CHARGE x 
x CTOLCLR) x 
>*K OK 
DK DIK DK DK DIK DK IK IC KK IK KK DK CI 2K KC KK IK IC IC IC IC CK IC IC IK 9K IC IC KC IC KC IK IC IC IK IK KIC ICI IC OK 
* * 
x ENTRY  : NOTHING . 
x RETURNS : TOTAL ° 
> *K 


OK OOK OI OOO OROOOOIOK OR IO OOOO OR KOO OO I OK IORI OK KOK HOOK IOK OK 
TOLCLR LDX HG 
FOLGE EER A 
STA TOTAL-1,X Clear accumulated charge 
DEC x 
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03301 
03302 
03303 
03304 
03305 
03306 
03307 
03308 
03309 
03310 
03311 
03312 
03313 
03314 
03315 
03316 
03317 
03318 
03319 
03320 
03321 
03322 
03323 
03324 
03325 
03326 
03327 
03328 
03329 
03330 
03331 
03332 
03333 
03334 
03335 
03336 
03337 
03338 
03339 
03340 
03341 
03342 
03343 
03344 
03345 
03346 
03347 
03348 
03349 
03350 
03351 
03352 
03353 
03354 
03355 


1?7AE 26 F9 


17B0 


17B1 
17B3 
17B4 
17B? 
17B8 
17BA 


17BB 
17BD 
17BF 
17Cl 
17C3 
17CS 
17C? 
1?C9 
17CB 
17CD 
17CF 
17D1 
1702 
1704 
17D6 
1708 
17DA 
17D0C 
17DE 
17E0 
17EZ2 
17E4 
17E6 
17E8 


81 





BNE TOLCL1 


RTS 
* 
DKK DIK IC CI DIK 3K IK IK KC KC IK IK DK IC CK ICCC IK HOHE IKK CIC IK IC ICC DIC IC IC IC 2K IK IC 2K IC CO OK IC IC 
* * 
x NAME > CLEAR CHARGE (SNGCLR) Xk 
* *K 
DK KK DICK KK CK 0K DIK IK IC IC CIC HC IC IK CK DK IK IC HCI DIK ICICI IK IK 9 CK KK IKK 3K IC IK 2K IKK 2K 2K 
*K *” 
x ENTRY  : NOTHING x 
x RETURNS : SINGL x 
*“ *K 
ROROOOIOIOIOIOOIOOOIOIO IO IOI IOROIOIOR OK OOK IO IOK OK OK KIO KOK KOIOK 
SNGCLR LDX HG 
SNGCL1 CLR Q 

STA SINGL-1.X Clear charge 

DEC x 

BNE SNGCL1 

RTS 


* 


DI DIDI CICK OK KC OK ICICI HC IC ICC KK COE KC KC COOK DC OIC 2K IC OK 2G DIK IK CCC COI IK ICI KK OIC IK 2K OK 2K 


* 


> NAME 


* 
*K 


OOIOIOROROORO OOK OOOO OOOO IORI IK OK OK ROK KOK KOK IK ICOK 


* 


ENTRY 
* RETURNS : 


* 


SOKO OOOO OR IO IOK IO KOK ROK OHO OK IOFOK OK HOR HOOK OK OK OK K 


CURRAT LDA 
CMP 
BEG 
CMP 
BEG 
CMP 
BEQ 
CMP 
BNE 
DEC 
DEC 
CURRA4 RTS 
CURRA1 INC 
INC 
BRA 
CURRAZ2 LDA 
STA 
LDA 
STA 
BRA 
CURRA3S LDA 
STA 
LDA 
STA 


>» 
> MOVE CURSOR FOR SETTING CHARGE 


LCDMP 
LCDOMP, CURADP 


CCURRAT > 


LCDMP Load LCDM pointer 
#14 LCOMP=14 7 
CURRA1 

#23 LCDMP=23 7 
CURRAZ2 

#27 LCDMP=27 7? 
CURRAS 

#31 LCOMP=31 7 
CURRASG 

LCDMP 30->LCDMP 
CURADP 31->CURADP 
LCDMP 15->LCDMP 
CURADP 16->CURADP 
CURRAG 

#28 28->LCDMP 
LCDMP 

#29 29->CURADP 
CURADP 

CURRAS 

#22 22->LCDMP 
LCOMP 

#23 23~->CURADP 
CURADP 
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‘abr dor 4 led 
WY a Dd O 


03357 
03358 
03359 
03360 
03361 
03362 
03363 
03364 
03365 
03366 
03367 
03368 
03369 
03370 
03371 
03372 
03373 
03374 
03375 
03376 
03377 
03378 
03379 
03380 
03381 
03382 
03383 
03384 
03385 
03386 
03387 
03388 
03389 
03390 
03391 
03392 
03393 
03394 
03395 
03396 
03397 
03398 
03399 
03400 
03401 
03402 
03403 
03404 
03405 
03406 
03407 
03408 
03409 
03410 


1140 


17EC Bé 40 
17EE Al OD 
Lee 0-27 19 
17?F2 Al 10 
1?7F4 27 18 
17F6 Al 13 
LPS: 20 40 
1?FA Al 16 
L7FC 27 13 
17FE Al 19 
1800 27 OF 
1802 Al 1C 
1804 26 04 
1806 3A 4B 
1808 3A 40 
180A 81 

180B 3C 40 
180D 3C 4B 
180F 20 F9 
1811 Bé 58 
1813 Al 29 
1815 27 06 
1817 3C 40 
1819 3C 4B 
181B 20 ED 
181D 3A 40 
181F 3A 4B 
1821 20 E? 


1823 E6 71 
1825 A4 OF 


BRA CURRAS 


DECK DIC DIK DIC IK DK DIK IK DC DC IC OK KCC HK IK IK COKE CCK CK DK IK IC KC 2 3K 2 KK 2 CDK KK 3 IK 2K 2K 2K OK 


*K *K 
x NANE MOVE CURSOR FOR SETTING x 
x CALENDAR & CHARGE (CURCAL) 
*K * 
DIK DK DK DIK KK IK DK IK I IK IK IK CIC IC IC I IC IC IK IK IK KKK DIK ICC IC IC IC K IC IK IK OK HICK ICC KK IKK 
* *K 
x ENTRY LCDMP, KEYDAT x 
x RETURNS : LCDMP, CURADP x 
* * 


DK DK DK DIK DK DIK HC IK DK DC IC 3K IC IC 2K IC DK CK KC 2K DIK CK HC DC 2 CCI 3K IC IK 2K IC 2 CK 3K KC 2K IKK 21 2K KK 2K 


CURCAL LDA LCOMP Load LCOM pointer 

CMP #13 LCDMP=13 7? 

BEG CURCL1 

CMP #16 LCDMP=16 7? 

BEQ CURCL2 

CMP #19 LCDMP=19 ? 

BEQ  CURCL2 | 

CMP #22 LCDMP=22 ? 

BEQ CURCL2 

CMP #25 LCOMP=25 ? 

BEQ CURCL2 

CMP #28 LCDMP=28 7 

BNE CURCLS 

DEC CURADP 28->CURADP 

DEC LCDMP 2¢?->LCOMP 
CURCLS RTS | 
CURCL1 INC LCDMP 14->LCDMP 

INC CURADP 15->CURADP 

BRA CURCLS 
CURCL2 LDA KEYDAT RIGHT Key or LEFT Key ? 

CMP #$29 

BEQ CURCL3 

INC LCDMP LCDMP+1 

INC CURADP CURADP+1 

BRA CURCLS 
CURCL3 DEC LCDMP LCDMP-1 

DEC CURADP CURADP-~1 

BRA CURCLS 
* 
PELE See Tee eee eee ete epee terete ere eee eet ttt ttf to bo) 
>K * 
* NAME > CONVERT 2 BYTES INTO 1 BYTE * 
* (TELNO1) * 
* * 
DK ICI DC KK DK DK DIC IC IK IC IC IK IC 9 2K IK OK 2K CIC CK 91K 3K 2K IK IC CC IC KIC CK IK ICI IK OK OK KK OK 
* * 
* ENTRY >: LCDM * 
x RETURNS : DATA x 
* * 
DE DI DC CK DIC CIC IC DK IC CCK CK CIC HC OC IC CIC HC IC DIK DK IK IK CICK ICICI OK IC IC KICK OK 2K 
TELNO1 LDA LCOM, X Load data 

AND HSOF 
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03411 
03412 
03413 
03414 
03415 
03416 
03417 
03418 
03419 
03420 
03421 
03422 
03423 
03424 
03425 
03426 
03427 
03428 
03429 
03430 
03431 
03432 
03433 
03434 
03435 
03436 
03437 
03438 
03439 
03440 
03441 
03442 
03443 
03444 
03445 
03446 
03447 
03448 
03449 
03450 
03451 
03452 
03453 
03454 
03455 
03456 
03457 
03458 
03459 
03460 
03461 
03462 
03463 
03464 
03465 


1827 
1829 
182A 
182C 
182E 
1830 
1832 
1835 
1834 
i835 
1836 
1838 
183A 


1836 
1830 
183F 
1841 
1843 
1845 
1847 
1849 
1846 
1840) 
184F 
1851 
1853 
1855 
1857 
1859 
185B 
1850) 
18S5E 
185F 
1860 
1861 
1863 
1865 
1867 
1869 
186B 
1860 
186F 
1871 


E? 
sc 
E6 
Al 
26 
AG 
48 
48 
48 
48 
EB 
Br 
81 





Rat 


pal 
20 


FF 


70 
4a 


STA LCDM. X 


INC X 

LDA LCDM, X 

CMP #$20 

BNE TEL11 

LDA HOFF 
TEL11 ASL A 

ASL A 

ASL A 

ASL A 

ADD LCDM-1,.X 

STA DATA Store data in output RAM 

RTS 
* 
DC IK DK DIK DK DK 3K 2K KK IC IK OK ICICI KICK IC IOI ICI ICI KIO OK IOROHOIC ORO IOOIOOK IOOHOOK IKK 
* K 
> NAME >: CONVERT 1 BYTE INTO 2 BYTES * 
>» CTELNO2) »* 
*K *K 
DHE DK IC DIC CK SC CIC HC IK IK CK ICC IK IK IK 2K CIC DIC IC IK CICK KK IK CK 2K HCI KK KIC CK IK KOK CK 
* * 
»* ENTRY > DATA a 
>» RETURNS : LCDM > 
*K * 


SOOO OOOO OOOO OIC IO IOOOIOK OOOO IOKIOK KOK KOK HOK 
TELNO2 LDA DATA 
STA LCOM+1,X 


AND HSOF 
ADD #$30 Change to ASCII 
CMP HS3F 
BNE TEL21 
LDA #$20 


BRA  —- TEL 222 
TEL21 CMP #334 
BNE  TEL22 
LDA = #$2A 
BRA TEL222 
TEL22 CMP #$3E 
BNE  TEL222 
LDA  =—s_- #23 
TEL222 STA —_LCDM.X 
LDA = LCDM+1.X 


LSR A 

LSR A 

LSR A 

LSR A 

ADD #$30 

CMP #S3F Change to ASCII 
BNE TELZS 

LDA #$20 


BRA TEk2Z5 
TELZS. « CMP HS3A 
BNE TEL24 
LDA #$Z2A 
BRA Tee Zo 
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03466 
03467 
03468 
03469 
03470 
03471 
03472 
03473 
03474 
03475 
03476 
03477 
03478 
03479 
03480 
03481 
03482 
03483 
03484 
03485 
03486 
03487 
03488 
03489 
03490 
03491 
03492 
03493 
03494 
03495 
03496 
03497 
03498 
03499 
03500 
03501 
03502 
03503 
03504 
03505 
03506 
03507 
03508 
03509 
03510 
O3S511 
03512 
03513 
03514 
03515 
03516 
03517 
03518 
03519 
03520 
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1873 
1875 
187? 
1879 
1878 


187C 
187D 
187F 
1881 
1883 
1885 
1887 
1889 
1888 
188D 
188F 
1891 
1893 
1895 
1897 
1899 
189B 
189D 
189E 


189F 
18A0 
18A2 
18A4 


Al 
26 


A6é 


E? 
81 


9B 
Bé 
B? 
Bé 


3E 
02 


72 


4A 
00 
45 


TEL24¢ CMP HOSE 
BNE TEL25S 


LDA #$23 
TEL2S STA LCOM+1.X 

RTS 
* 
OKOIKOK DATA TRNSFER BETWEEN MICROCOMPUTER AND 
* EXTERNAL RAM 
* 
DRACO HOIC IK IK IC IK IK ICICI IK ICH HCE KIC IC IC IC DIK IK DIK DICK DIC DK IC IC IC IK I IK 3K IC IC 3K KK CK 
* a 
>» NAME INPUT DATA FROM EXTERNAL RAM) x 
* CINPDAT > > 
> * 
OOOO IOI OOOO OOOO IO IO OIRO IORI OK I FORK KOK IK IOK 
*: * 
*« ENTRY : DTOP >» 
> RETURNS : DATA »K 
>» : * 
FOROOOIOIOIOR I OOIIOOIOIOOO OOOO ORIG OOIOOK I QOK OK OKI OK KOK OK IOK 
INPDAT SEI Disable interrupts 


LDA DTOP+1 
STA PBDTR 
LDA OTOP 

ORA #$60 

STA PEOTR 
CLR PADDR 
LDA PEOTR 


ORA = #SEO 
STA PEDTR 
ANDO HSDF Input data 


STA PEDTR 
LDA _PADTR 


STA DATA 

LDA OTDP 

ORA #$60 

STA PEDTR 

CLI Enable interrupts 

RTS 
*K 
DH ICI IK IK CHOI IC CK IC IC ICC IC CK KCK IK ICC IK OK IK IC IK ICICI ICC CDK CK IC IK 2K OK CCI KOK 
* *K 
> NAME > OUTPUT DATA TO EXTERNAL RAM > 
* «OUTDAT> K 
* * 
DH DI I DC OCC IC CHC CIC DC I IC IK IC 2 IK SC IC CK IK IK IC DIC DIC OIC IC OK IK IC IC ICICI SIC IC IK IC KK ICI CK 
* * 
2 ENTRY > DATA. OTOP > 
RETURNS : NOTHING *K 
x * 
DIK IC IC DIK IC IK DICK ICC HC CIC CHOIR CCIE HCCI HIC CIC IEC CEC IC EEK IC IK DK CHC IK IKK 9 IK IC KOK 3K 
QUTDAT SEI DisabLe interrupts 

LDA DATA 

STA PADTR 

LDA DTOP 
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03521 
03522 
03523 
03524 
03525 
03526 
03527 
03528 
03529 
03530 
03531 
03532 
03533 
03534 
03535 
03536 
03537 
03538 
03539 
03540 
03541 
03542 
03543 
03544 
03545 
03546 
03547 
03548 
03549 
03550 
O3551 
03552 
03553 
03554 
03555 
03556 
03557 
03558 
03559 
03560 
03561 
03562 
03563 
03564 
03565 
03566 
03567 
03568 
03569 
03570 
03571 
Q3572 
03573 
03574 
03575 





18A6 
18A8 
18AA 
18AC 
18AE 
1880 
18B2 
18B4 
18B6 
18B8 
18BA 
18BC 
18BE 
18C0 
18C2 
18C3 


1804 
18C6 
18C8 
18CA 
18CC 
18CE 


18CF 
18D1 
1803 
1805 
18D? 
18D9 


AA 
B? 
Bé 


ASG 
B? 
Bé 
AA 
B? 
AG 
B? 
B6 
AA 
B? 
9A 
81 


Bé 
AB 
Br 
24 


81 


Bé 
AO 
B? 
24 
3A 
81 


60 
OB 
46 
01 
FF 
04 
08 
EO 
OB 
BF 
OB 
45 
60 
0B 


46 
Ql 
46 
02 
45 


46 
3A 
46 


45 


GORA #$60 
STA PEDTR 
LDA DTDP+1 
STA PBDOTR 
LDA H#SFF 
STA PADOR Output data 
LDA PEDTR 
ORA #SEO 
STA PEDTR 
AND #SBF 
STA PEDTR 
LDA DTOP 
ORA #$60 
STA PEDTR 
CLI Enable interrupts 
RTS 
* 
-KHOKK =—- SUBROUTINES OOOO OOOO KOR IOKOK I IOIOK IK 2k 


* 
* 
FOO OOO OOOO OOO OK OOK OR OK OK HOR OK IK IK IOIOHOK OK HOOK HOH OK KOCK KKK OK 


*« * 
* NAME INCREMENT POINTER TO EXTERNAL x 
>» RAM CDTADD) a 
* * 
DIK KK 2K DK IK IC CIC CK ICC CCC CC IKK IK KCK CK CK CK IK IC IC IC CK KK IKK KK KK 2K OK CK 
* *K 
* ENTRY DTOP >» 
>» RETURNS DTOP * 
* * 
DIK IK IC DK DIC IK CK IK IC IC IC CK IK IKK KKK IK DICK IC CCIE IC IK IK IC KICK CIC IK KK 3K 2K IOC KK 
DTADD LDA DTDP+1 

ADD #$1 Increment pointer 

STA DTOP+1 

BCC DTADD1 

INC DTDP 


OTADDI RTS 
*K 


DEK DI DK IC IK I DK 2K IC 2 KK 2K 2K DK DC IC IC CIC CICK ICICI DK CC IC ICI DIC DIC CK IC DC DC 2K 2K 2K CK K OK 


* *« 
* NAME DECREMENT POINTER FROM * 
-EXTERNAL RAM COTSUBD * 
* *K 
DHE DIC KC 9K 3K 3K IC IK 2K CK 3K KK IK IK 3K 3K 3K KK IKK KC IC CK KCC CICK 3K IC CI 3K DIK IC IK 3K 3 IC KC 6 2K 
* *K 
>» ENTRY : DTOP > 
> RETURNS : DTDP K 
* *K 
DIK AC DIK DIK DIK IK 3K IK IK CK IC IK IC IK DC CK DICK IK ICC 2 2 CC DIK IK CK KK IK IC KC ICC KK CK IK 2 KK 
DTSUB LDA DTOP+1 

SUB #58 Decrement pointer 

STA DTDP+1 

BCC OTSUB1 

DEC DTDP 
DTSUB1 RTS 
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03576 
03577 
03578 
03579 
03580 
0358? 
03582 
03582 
03584 
03585 
03586 
03587 
03588 
03589 
03590 
03591 
03592 
03593 
03594 
03595 
03596 
03597 
03598 
03599 
03600 
03601 
03602 
03603 
03604 
03605 
03606 
03607 
03608 
03609 
03610 
03611 
03612 
03613 
03614 
03615 
03616 
03617 
03618 
03619 
03620 
03621 
03622 
03623 
03624 
03625 
03626 
03627 
03628 
03629 
03630 


1144 


18DA 
18DD 
18DE 
18E0 
18E2 
18E4 
18E6 
18E8 
18EA 
18EB 
18ED 
LSEF 
18F 1 
18F3 
18FS 
18F8 
18FA 
18FC 
18FE 
1900 
1203 
1904 
1906 
1908 
1909 
1908 
1900 
1910 


1911 
1913 
1315 
LoL? 
1919 


Bé 
Al 
at 
Al 
2 


110E 


41 
08 
O07 
O09 
03 


* 
DK AK HCC IK DK IK IC EC IC OK DCC ICC CK CK CICK CEC I DKK IK IK OK IK 2K CC IC IK CICK HOOK OOK OK 


* a 
* NAME > CLEAR RAM USED (END) »* 
* > 
OOK IOI OO OCOOO ORRICK ORO OR IIOK KOK KI HOK ACK OK IK 
* a 
* ENTRY > NOTHING * 
* RETURNS : NOTHING * 
* »K 


DK DK DI IC IK IK IK DIC CICK CK IK IC IK IC KC CICK IK CICK CK KIC IK ICI KK ICICI IC IE KOK OK OK 
END: BRSET 4,WAIT3,.END1] Output tone? 

CLR ay If not, clear RAM 

STA MODFLG 

STA TRMFLG 

STA LCDMP 

STA DTCNT 


STA OTOP 
STA OTOP+1 
CLR Xx 

LDA #$1 
STA CURADP 
LDA #SO2 
STA FLAG 


BCLR ¢,B2RFLG 
JSR LCOMCR 


BRA END3 
ENO 1 LDA FLAG If so. display dial no. 
AND #$35 
STA FLAG 
JSR LCDMCR 
CLR x 


END2 LDA DIALNO. X 
STA LCDM+2.X 


INC x 

CPX #20 

BNE END2 

JSR LCD 
END3 RTS 


*K 
FOO OOOO OR IOOO OOOO OOK IORI OOO HOOK 
K . 2 
* NAME > MOVE CURSOR TO LEFT (LFCRSR> x 


* * 
OOOO OOOO OOOO KK OOOO OI HOK KOK 
* * 
> ENTRY > LCDMP, CURADP, MODFLG., TRMFLG * 
* RETURNS : LCDMP, CURADP * 
* * 


FOO OOOO OOOO OK OK IOI OOK IOC IOOK IOI IOI KI OK ICOKOKKOK 
LFCRSR LDA MODFLG 


CMP #38 
BEG LECRZ 
CMP #S9 


BEG LFCRZ 
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03631 
03632 
03633 


_ 03624 


03625 
03636 
03637 
03638 
03639 
03640 
03641 
03642 
03643 
03644 
03645 
03646 
03647 
03648 
03649 
03650 
03651 
03652 
03653 
03654 
03655 
03656 
03657 
03658 
03659 
03660 
03661 
03662 
03663 
03664 
03665 
03666 
03667 
03668 
03669 
03670 
03671 
03672 
03673 
03674 
03675 
03676 
03677 
03678 
03679 
03680 
03681 
03682 
03683 
03684 
03685 


1918 
191E 
1920 
1922 
1924 
1926 
1928 
192A 
19ZE 
I9ZE 
1930 
1933 


1934 
1936 
1938 
193A 
193C 
193E 
1941 
1943 
1945 
1947 
1949 
194B 
194D 
194F 
1951 
1953 
1955 
19S? 
1959 
1958 
195) 
1OSF 
1960 
1962 
1965 





L922 
43 
11 
40 
4B 
Ol 
4B 
04 
4B 
40 
110E 


JMP LFCR4 
LFERZ oLOR TRMELG 
BEG Leer 


LFCR4 DEC LeDMP Move cursor to Left 
DEC CURADP 
LOA #$4 


CMP CURADP 
Bis LCFGRI 
STA CURADP 
CLR LCDMP 
LEFCRI- JSR LCD 
LPCRS: “RIES 
* 
FOROIOOOKOIOOOOROOOOOROOOOOROOOOIOOIK IOI OK IOI OKI KOK KOK 
* 


Display cursor 


»K 
> MOVE CURSOR TO RIGHT (RTCRSR) x 


x NAME 

* * 
SKORIK OKO OKO KOK HOI OKO KOK IK I IOI ICI ICICI IIE ICI ICICI IC IO ICCC OK IC OK 
* * 
x ENTRY : LCDMP, CURADP. MODFLG, TRMFLG x 
x RETURNS : LCDMP, CURADP * 
* * 


OOOO OOOO OOOO IK OOOIOIOKHOK 
RTCRSR LDA MODFLG 


CMP #38 
BEG RTCR3 
CMP #$9 
BEQ RTCR3 


JMP RTCRS 
RTCR3 LDA TRMFLG 
BEG RTCR4 
RTCRS LDA CURADP 
CMP #20 
BLS RTCR1 
LDX CURADP 
LDA LCOM.X 
CMP #$20 
BEQ RTCR2 
RTCR1 INC LCDOMP Move cursor to right 
INC CURADP 


LDA #38 
CMP CURADP 
BCC RTCR2 
STA CURADP 
DEC A 


STA LCDMP 


RTCR2 JSR LCD Display cursor 


RTCR4 RTS 

* 

DRE RCAC HC HC DIC CHC 216 2K RCAC DC OC DIC CAC DECIR COC DIC IC CDC OIC HCI DIC NC DIC IC DIC IC AC CK IC 2 IC 2 KC IC aK 
* *K 
* NAME > CLEAR DIAPLAY RAM CLCDMCR) * 
* >» 
OOK OK KOO OK OK OK OK OK OK OK KOKO IOOK IOROK KOK OKO IOROK OK OK IOI KOK OK HOK KOK 
* Ba 
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03686 
03687 
03688 
03689 
03690 
03691 
03692 
03693 
03694 
03695 
03696 
03697 
03698 
03699 
03700 
03701 
03702 
03703 
03704 
03705 
03706 
03707 
03708 
03709 
03710 
03711 
03712 
03713 
03714 
03715 
03716 
03717 
03718 
03719 
03720 
03721 
03722 
03723 
03724 
03725 
03726 
03727 
03728 
03729 
03730 
03731 
03732 
03733 
03734 
03735 
03736 
03737 
03738 
03739 
03740 
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1966 
1968 
196A 
196C 
196D 
196F 


1970 
1972 
19°74 
1976 
17? 
197C 
197E 
1980 
1982 
1984 
1986 
1988 
198A 
198C 
198D 
198F 
1991 
1993 
1996 
1998 
199A 
199C 
199E 
19A0 
19A2 
19A4 
19A6 
19A8 
19AA 
19AC 
19AF 
1981 
19B3 
1985 


28 
70 
F9 


> NOTHING 


* ENTRY 
* RETURNS : LCDM * 
* 


DK DIC IC DC DIK ICI IC IK 3 ICC DKK KC IC 2K KK IC IC CCCI IC I IC 2G IK CK KHOI HCI ICO IC IC IKK CK 


LCDMCR LDX #40 Clear diaplay RAM 
MCR1 LDA #$20 

STA LCDM-1.X 

DEC x 

BNE MCR1 

RTS 
* 
DHE IK CD IK 2K DIK DC IK IC IK CK IK DK IC IK IC IK IC IC IK KK IK IK IC IK IC CHC IK IK IK IC ICC CK IK IKK IK IK KK IK 
> * 
> NAME > CLEAR EXTERNAL RAM CRAMCLR) K 
* > 
SOOO IORI OK IORI OOK ORO OOK ORK IORI IK KKK 
>» * 
»K ENTRY > NOTHING * 
»* RETURNS : NOTHING >» 
* > 
DHE DIK IC IC KC EK KIC KK IC IK DK IC IC 3K IK CIC IC IK 2K IC CK ICC DIC IK IK IC IC IKK 246 IC ICI KIKI OK 
RAMCLR CLR DATA 

CLR DTOP 

CLR OTDP+1 
RAMCL1 JSR BUTDAT Clear external RAM 

JSR DTADD 

LDA #RAMEND/256 

CMP OTOP 

BNE RAMCL 1 

LDA HRAMEND*256/256 

CMP DTOP+1 

BNE RAMCL1 

LDA #$17 

STA DTOP 

CLR X 

STX DTOP+1 
RAMCL2 LDA HSFF 

STA DATA 

JSR DUTDAT 

LDA DTOP+1 

ADD #$1 

STA DTOP+1 

LOX DTDP+1 

CPX #$64 

BNE RAMCL2 

LDA HSIF Store RAM check data 

STA DTOP 

CLR DTOP+1 

LDA #S$4C 

STA DATA 

JSR OUTDAT 

INC DTDP+1 

LDA HSGF 

STA DATA 

JSR OUTDAT 
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03741 1988 3C 46 INC DTOP+1 


03742 19BA A6 56 LDA #$56 
03743 198C B7? 4A STA DATA 
03744 19BE CD 189F JSR OUTDAT 
03745 19C1 3C 46 INC OTOP! 
03746 1903 A6 45 LDA #$45 
03747 19C5 B? 4A STA DATA 
03748 19C? CD 189F JSR OUTDAT 
03749 19CA 81 RTS 
03750 x 
03751 OOOOROORIOCIOOROQOR OOOO ORIOR OOOO OOOO OK IK OKOK 
03752 * * 
03753 NAME > MOVE TO REVIEW DATA AREA a 
03754 * CMOVE1) > 
03755 * * 
03756 FOOIOOOI OOOO OOO ORI OK OK OOOO OK KOK IORI OOK OK IK IOK KOKOK 
03757 * * 
03758 * ENTER >: LCOM * 
03759 ok RETURNS : REFDAT > 
03760 »* * 
03761 OOK ORO OOO OOOO OOOO OR OOOO OK OK HORI OK KOK KOK 
03762 19CB SF MOVE1 CLR X . 
03763 19CC E6 71 MOV11 LDA LCDM, X 
03764 19CE D7 0115 STA REFDAT.X Store review data 
03765 1901 SC INC X 
03766 19D2 AZ 14 CPX #20 
03767 1904 26 F6 BNE MOV11 
03768 1906 81 RTS 
03769 * 
03770 OOOO OOO IORI OOO OOK OOO OOK OK OOK OK KOK IK IOK KOK KOK 
03771 »K > 
03772 >» NAME > MOVE REVIEW DATA TO DISPLAY * 
OS775 »K RAM (MOVE2) >» 
03774 * * 
0377S FORO OOOO OOOO OOO OOO ORO IOI OK OK OK OK I KK I OK KOK DK 
03776 * * 
03777 ss ENTER > REFDAT »K 
03778 »K RETURNS : LCDM * 
03779 > * 
03780 ORKOOROKOOROKOOIOOIOOROOIOR IO IOK OR OOK OK IOKOK OR OK HOR KOK OK KOK IKK IK 
03781 1907 SF MOVE2 CLR X 
03782 1908 D6 0115S MOV21 LDA REFDAT.X 
03783 19DB E7 85 STA LCDM+20.X Store display data 
03784 19D0 SC INC x 
03785 19DE A3 12 CPX #18 
03786 19E0O 26 F6 BNE MOV21 
03787 19E2 81 RTS 
03788 * 
03789 OOOO OOOO KOOROIOK OK KOK OK ORO OI OKO KOI OK KOI OK KK OK IK OK OK KOK 
03790 * as 
03791 »K DATA TABLE >» 
03792 *K a 
03793 FORO OK OOO OOOO IO OOK IOI OK OOK K KOK KKK OK KK KOK KOK 
03794 19E3 2A CALDAT FCC ok of : oe 
0379S 19F2 2A TELDAT FCC "x TIME : o° on 
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03796 1A01 32 MONTH FCB $32,$29,$32,$31,$32.$31 


03797 1A07 32 FCB $32,$32,$31,.$32,$31,$32 
03798 1A0D OC YOKO FCB $0C,$80.$06,$01, $08, $34 
03799 1A13 13 SHUSE FCB $13,$00,$24,$60. $60 
03800 1A18 O01 SHUNEW FCB $01,$01,$00.$00. $00 
03801 1A1D 43 CRGDAT FCC "CHARGE : " 
03802 1A2C S2 RATDAT FCC "RATE: ut 
03803 1A39 $3 SECDAT FCC “SECs " 
03804 1A40 4E NO1 FCC "NO. 2?! 
0380S 1A44 20 NO2 FCC s NO. " 
03806 1A4C 20 DIANO1 FCC " REDIAL M 
03807 1AS6 20 DIANO2 FCC '" RETRY H 
03808 1A64 2A FULLD FCC "ke FULL x"! 
03809 1A6C 2A ERRORD FCC "™*k ERROR x"! 
03810 >» . 
03811 OOOO OOK OOK OOK OK IOIOK HOOK HOOK IK KOK DKK DI CK 26 2K IC KOKO 2K IC OK OK OK 2K 
03812 * »* 
03813 *« VECTOR ADDRESSES * 
03814 * * 
03815 SOOO OOOO OOK OOOO ORK IO KOK OK HOO OK OK 
03816 * 
03817 1FF6 ORG S$1FF6 
03818 * 
03819 1FF6 O0C2S FOB TIMER2 K88SCN/BUZZER 
03820 1FF8 OB80 FOB TIMER] INT2/TIMER 
03821 1FFA OSO0O FDB MAINPR INT 
03822 1FFC OQSOO FOB MAINPR SWI 
03823 1FFE OSOO FOB MAINPR RES 
03824 * 
03825 END 
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4.2 Symbol 


ADDRAT 
ARG17 
BUZC2 
BUZZ 
BZRFLG 
CALRST 
CALSH4 
CALSH9 
CATBLE 
CHECK2 
CHECK’? 
CHEKS 
CHK1S 
CHK23 
CHK35 
CHK4S 
CHKS2 
CNT 
CRGST2 
CURCL1 
CURLRA 
CURLRS 
CURRAT 
DATA 
DIALNO 
OIANGZ2 
OTADS 
DTLCD2 
END2 
ERRORZ 
ERR1 
FIGS 
FIG8 
JMPADR 
KENSKC 
KENSK3 
KENSK8 
KEYSET 
K88SN1 
K88SN6 
LCDBSY 
LCDINI 
LCOMCR 
LCDMS3 
LCDSET 
LCDSE? 
LCDS 
LFCRG 
MAINS 
MEMCLR 
MF OUT 
MFTBLE 
MNYASS 
MNYA10 





Table Listing 


0129 
1599 
OBB0 
OC9S 
OOGE 
1038 
14CS 
14DC 
O68C 
OSF7 
0638 
OADD 
OA0DB 
OA46 
OA89 
QADS 
OBO? 
0060 
1718 
1808 
OB6E 
OBS2 
17BB 
QO4A 
0099 
LAS6 
0050 
1459 
1904 
O6AB 
0138 
OCOD 
0C24 
O13E 
1358 
Ze 
131E 
0054 
0C40 
OC?? 
1104 
1197 
1966 
12B6 
1276 
128E 
LT SF 
1922 
OS1C 
1476 
LODF 
110E 
1645 
1643 


ARGINT 
ARG18 
BUZC3 
BUZZ1 
CALCNT 
CAL SHU 
CALSHS 
CALS10 
CHATFL 
CHECKS 
CHEK1 
CHK11 
CHK16 
CHK31 
CHK36 
CHK46 
CHKS3 
CNTBIT 
CSTBE 
CURCL2 
CURLRF 
CURLR6 
CURRA1] 
DAY 
DIAL2 
DIAP1 
OTCNT 


OTSUB 


END3 
ERRORS 
ERR2 
FIG4 
FLAG 
JTBL 
KENSKD 
KENSK4 
KENSK9 
KNSEQ]1 
K88SN2 
K88SN7 
LCDOBY1 
LCDIN2 
LCDMP 
LCDRES 
LCDSet 
ECOL 
LFCRSR 
MAINKS 
MAING 


MEMCL1 


MFOUTE 
MNYASC 
MNYASS6 
MNYA13 


1541 
1SA1 
OBAC 
OCA6 
QOQ6E 
149F 
14CF 
[Sic 
00S? 
0601 
O98E 
O9A0 
OAIF 
OQAS9 
OA8B 
QADA 
OBOF 
0068 
O68C 
LoiL 
OB? 1 
OBS6 
L702 
14F4 
1526 
OOBC 
0049 
18CF 
1910 
O6C1 
O1SC 
OC12 
0042 
0130 
1387 
LZES 
1535 
1378 
OCS2 
OC7D 
ii 
L1AF 
0040 
1172 
12(3 
1118 
t9id 
0504 
OS1F 


1478 


LOFS 
1612 
164E 
1661 


ARG100 
ARG19 
BUZC4 
BUZZ2 
CALDAT 
CALSH1 
CALSH6 
CANCEL 
CHECK 
CHECKS 
CHEK2 
CHK12 
CHK 1? 
CHK 32 
CHK42 
CHK47 
CLEAR 
CRGDAT 
EST SLE 
CURCL3 
CURLR2 
CURLR? 
CURRAZ 
DIACLR 
DIAL21 
DIAP2 
OTOP 
DOTSUBI1 
ERFLG 
ERRORG 
FIGURE 
FIGS 
FULLD 
KENSAK 
KENSKE 
KENSKS 
KEYCD 
KNSKEG 
K88SN3 
K88SN8 
LCODSP 
LCDINS 
LCDMST 
LCDORS1 
LCDSE2 
LCOZ 
rr d 
MAINPR 
MCR1 
MEMO 
MFOUT1 
MNYAS1 
MNYAS? 
MNYA14 


1SB? 
1SB0 
OBDS 
OCAE 
IVES 
14A9 
14E8 
1001 
Ose? 
0612 
OAZ0 
O9AS 
OA00 
OA6D 
OASE 
OADC 
1480 
1A1D 
0695 
1810 
0B30 
OBSB 
1708 
146C 
1528 
OOBD 
0045 
1809 
OOBE 
Q6CE 
QBDB 
OC1¢ 
1A64 
TZ2C 1 
1388 
12F6 
0652 
136° 
OCS6é 
OC8C 
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1188 
12AB 
12-76 
12A3 
1134 
1930 
0500 
968 
0100 
10E0 
1614 
1653 
1666 
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ARG110 
BUZC 
BUZCS 
BZ2R 
CALLCD 
CALSH2 
CALSH? 
CANCL2 
CHECKF 
CHECKS 
CHEK3 
CHK13 
CHK21 
CHK33 
CHK43 
CHKSF 
CLR1 
CRGSET 
CURADP 
CURCLS 
CURLR3S 
CURLR8& 
CURRAS 
OIACL1 
DIAL 22 
OTADD 
DTLCD 
END 
ERROR 
ERRORS 
FIG 
FIG6 
HOLD 
KENSKA 
KENSK1 
KENSK6 
KEYDAT 
KNSRTS 
K88SN4 
K88SN9 
LCDINS 
LCDINS 
LEDMSi 
LCDRS2 
LCOSE3 
LCD3 
LFCR2 
MAIN 
MOTBL 
MEMOP 
MFQUT2 
MNYAS2 
MNYAS8 
MNYALS 


15C0 
OB&D 
OBBC 
O04F 
1258 
14DD 
14D7 
1010 
0651 
062A 
OA4? 
O9C9 
OA38 
OA82 
OABE 
OB11 
1482 
16EA 
004B 
180A 


OBS3F 


OB6? 
LGeZ 
146E 
1531 
18C4 
1449 
18DA 
0695 
Q60C 
OBF6é 
OC1C 
OOBF 
1349 
P20 ¢ 
1310 
0058 
1399 
OCé6é5 
OC94 
1148 
1198 
12B0 
1178 
127D 
113D 
ISIE 
0512 
OSB9 


0083 


LOEE 
1620 
1658 
1668 





ARG16 
BUZC1 
BUZC6 
BZ2RCNT 
CALNDR 
CALSH3 
CALSH8 
CATBL 
CHECK 1 


CHECK6 | 


CHEK4 
CHK14 
CHK 22 
CHK 34 
CHK44 
CHKS1 
CMPNUM 
CRGST1 
CURCAL 
CURLER 
CURLR4 
CURLR9 
CURRAG 
DIADAT 
DIANOL 
DTADD1 
DTLCO1 
END1 
ERRORD 
ERROR6 
FIG2 
FIG? 
INPDAT 
KENSKB 
KENSK2 
KENSK? 
KEYNUM 
K88SCN 
K88SNS 
LCD 
LCDINT 
LCDM 
LCDMS2 
LCDRS3 
LCDSES6 
LCD4 
LFCR3 
MAINZ 
MOTBLE 
MFDAT 
MFTBL 
MNYAS4 
MNYAS9 
MNYA16 


1590 
OB96 
OBDA 
004C 
OOSD 
14C3 
LSS 
067A 
OSEF 
0620 
OA8BC 
OSE? 
OA44 
OA84 
OAD 1 
OAE9 
0002 
1711 
(el 
OB12 
0B46 
0868 
17D1 
0087 
LA4C 
18CE 
144A 
18FA 
1A6C 
O6E7 
OBFF 
OC1F 
187C 
LSo2 
12E1 
L312 
OOSA 
OC31 
OC6B 
110E 
1195 
0071 
12BC 
117A 
112A?’ 
1144 
1933 
0517 
OSE9 
OOBS 
LOFS 
1638 
165D 
1670 
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MNYA1? 
MODES 
MO0100 
MOD111 
MOD130 
MOQD136 
MQOD144 
MOD20 
MODSO 
MODSS 
M0063 
MOD82 
MOD91 
MONEY 
MONTH 
MVECUF 
OLDKEY 
PBOTR 
PFDOTR 
RAMCLE 
RATDAT 
RATSE4 
RTCRSR 
RTCRS 
RTS15 
SCOUNT 
SECDAT 
SHUSEC 
SNGSTA 
STBDAT 
TANS 
TELCLR 
TELLCD 
TELMN4 
TELM11 
TELM23 
TELM31 
TELM36 
TELM41 
TELM46 


~TELMSB 


TELMS2 
TELMS? 
TELM62 
TELI1 

TEL24 

TEL 324 
TEL 343 
TEL 364 


. TELSITZ 
- VEIMCTS 
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TIMCTS8 
TIMSTA 
TOLST1 
TOROK4 
TRKC1 

TRKRTS 


WAITS 


1678 
OS91 
08B2 
O8F 1 
0929 
0951 
O97F 


O6F 7. 


0739 
O79C 
O7DS 
0816 
0876 
1SCE 
1A01 
OBTF 
OOSS 
0001 
OOO0C 
OS7A 
LA2ZC 
1790 
1934 
1945 
106E 
OOSC 
1A39 
0137 
L67E 
0058 
1437 
1489 
1267 
OCCF 
OCE? 
0014 
O02E 
ODES 
OQEAD 
OEDD 
OFCD 
OF 62 
OF 89 
OFFD 
1832 
1873 


OO?F 


ODCC 
OE2D 
OF31 
Lie 
1233 
Q06A 
1602 
13AE 


130s. 


1408 
O0B0 


MODE 
MODES © 
MOD101 
MOO0112 
MOD131 
MOD140 
MO0145 
MOD30 
MODS1 
MODS6 


MOD? 


M0083 
MOQD92 
MONEY 1 
MOVE 1 
MVECUR 
OUTDAT 
PCDOR 
PGDDR 
RAMCLR 
RATSET 
RATSES 
RTCR1 
RTS11 
RTS16 
SCR 
SHUCAL 
SHUSTA 
SNGS1 
SYSINT 
TCNTR 
TELCLI 
TELMN 
TELMNS 
TELM12 
TELM3A 
TELM32 
TELM3? 
TELM42 
TELM4? 
TELMSC 
TELMS3 
TELMS8 
TELNOQ 
Teb2ZI 
TEL2S 
TEL331 
FELSol 
TEL3?71 
TELS13 
TIMCT4 
TIMCT9 
TLCNT 
TOROKU 
TOROKS 


TRKC2 | 


TRMFLG 


WAITS 


OS7B 
0592 
08C3 
O8FA 
0930 
0955 
O97C 
0700 
O73F 
O7AA 
O7E6 
0836 
O88E 
1501 
19CB 
0B72 
189F 
0006 
0007 
1970 
1720 
179E 
1953 
103E 
108A 
0010 
1491 
006S 
1692 
0523 
0070 
148B 
OCAF 
OCD4 
OCFC 
0E84 
OD3A 
OE3S 
OEB1 
QEE1 
OFD2 
OF 6S 
OFAS4 
0139 
1848 
1879 
OD9C 
ODODD 
OESO 
OF 47 
120A 
1252 
L1EA 
139A 
13F5 
13CF 
0043 
0081 


MODEF 
MODES 
MOD102 
MOD113 
MOD132 
MOD141 
MOD1S0 
MOD40 
MODS2 
MOD6 
MOD?F 
MQD84 
MOQD93 
MONEY 2 
MOVE2 
NEWKEY 
PADDR 
PCOTR 
PGOTR 
RAMCL1 
RATSE1] 
REC 
RTCR2 
RTS12 
RTS1? 
SOP 
SHUCNT 
SINGL 
SNGS2 
TAN 
TER 
TELCNT 
TELMN1 
TELMN6 
TELM20 
TELMSB 
TELM33 
TELM38 
TELM43 
TELM48 
TELMSF 
TELMS4 
TELMS9 
TELNO1 
TEL22 
TEL3Z1 
TEL 332 


“TELS O1 


Vel STZ 
TIMCNT 
TIMCTS 
TIMC10 
TOLCLR 
TOROK1 
TOROK6 
TRKC3 
TRNS 

WAITS 
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OSB8 
OSA2 
O8cc 
090D 
0940 
0959 
0980 
0709 
0759 
0780 
0800 
083C 
OBA2 
1SF4 
1907 
0056 
0004 
0002 
000D 
1976 
1733 
0084 
1962 
104C 
1090 
0047 
O06F 
012D 
169C 
1409 
0009 
013A 
occo 
OCD9 
0000 
OE8D 
0087 
0E64 
OEB3 
OEE3 
OFD7 
OF 6D 
OFBA 
1823 
1853 
0040 
ODAF 
OE0D 
OESC 
L1F4 
124A 
1241 
L7A7 
1398 
13FA 
13DE 
ooco 
00B2 


MODE2 
MODFLG 
MOD102 
MOD120 
MOD133 
MOD142 
MOD151 
MOD41 
MODS3 
MOD61 
MOD71 
MOD8S 
MOD94 
MONEY3 
MOV11 
NO1 
PADTR 
PDDTR 
POINTR 
RAMCL2 
RATSE2 
REFDAT 
RTCR3 
RTS13 
RTS18 
SEC 
SHUNEW 
SNGCLR 
SNGS3 
TANI 
TOR 
TELDAT 
TELMN2 
TELMN? 
TELM21 
TELM3F 
TELM34 
TELM39 
TELM44 
TELM49 
TELMSO 
TELMSS 
TELM60 
TELNOZ 
TEL222 
TEL322 
TEL341 
TEL362 
TELSO1 
TIMCT1 
TIMCT6 
TIMER1 
TOLCL1 
TOROK2 
TOTAL 
TRKC4 
WAIT 
YERCNT 


Q587 
0041 
O8DF 
O90E 
0946 
096A 
0982 
O?72E 
0778 
O7CO 
DEF 
084B 
O8B1 
1604 
19CC 
1A40 
0000 
0003 
QO06C 
198F 
1788 
O115 
1941 
1056 
1LOCE 
0052 
1A18 
17B1 
16A6 
1419 
0008 
Lor 2 
OcCcS 
OCDC 
OD0B 
OE9S 
0087 
OE7B 
OEBB 
UEFL 
OEF2 
OF 7D 
OFDB 
1838 
13s? 
OD61 
QDC6 


OE19 


OF OD 
LLFS 
122D 
0880 
17A9 
13A8 
0131 
13E4 
OOAE 
L1E4 


MODE 3 
MQD10 
MO0110 
MOO0121 
MQ0134 
MO00143 
MOD160 
MOD42 
MOQ0S4 
MO062 
MOD80 
MOD90 
MOO9S 
MONE Y4 
MOV21 
NO2 
PBDOR 
PEDTR 
RAMCL 
RAMEND 
RATSES 
RSTEND 
RTCR4 
RTS14 
RTS19 
SECCNT 
SHUSE 
SNGCL1 
SSR 
TAN2 
Tet 
TELFLG 


TELMN3_ 


TELM10 
TELM22 
TELM30 
TELMSS 
TELM40 
TELM4S 
TELMSA 
TELMSd 
TELMS6 
TELM61 
TELWAT 
TELZS 

TEESZS 
TEL 342 
FEGS6S 
(ele 
TIMCT2 
TIMCT ? 
TIMER2 
TOLSTA 
TOROKS 
TOTLKY 
TRKCS 
WAIT2 
YOKO 


OS8F 
O6EE 
O8EQ 
0928 
0954 
0971 
098A 
0738 
0795 
O7CE 
0801 
O84C 
13BD 
1611 
1908 
1A44 
0005 
Q00B 
0S77 
16A8 
1795 
LODE 
1965 
1059 
100A 
0135 
1A13 
17B3 
0011 
1424 
0062 
0044 
OCCA 
OCDD 
0D10 
0015 
ODCF 
OE96 
OECS 
OFBD 
OF 10 
OF83 
OFE7 
0086. 
1868 
ODé6C 
O0C9 
QE24 
OF 1F 
1245 
124F 
OC25 
16CD 
13AD 
0059 
1305 
OOAF 
1A0D 


4.3 Cross Reference Table Listing 


ADDRAT 
ARGINT 
ARG100 
ARG110 
ARG16 
ARG17 
ARG18 
ARG19 
BUZC 
BUZC1 
BUZC2 
BUZC3 
BUZC4 
BUZCS 
BUZC6 
BUZZ 
BUZZ] 
BUZ2Z2 
BZR 


BZRCNT 
BZRFLG 


CALCNT 


CALDAT 
CALLCD 


~ CALNOR 


CALRST 


CALSHU 
CALSH1 
CALSH2 
CALSH3 
CALSH4 
CALSHS 
CALSH6 
CALSH? 
CALSH8 
CALSH9 
CALS10 
CANCEL 
CANCL 2 
CATBL 

CATBLE 
CHATFL 
CHECK 

CHECKF 


0129 
1541 
1587 
15CO 
1590 
Lae? 
1SA1 
1580 
OB8D 
0B96 
OBBO 
OBAC 
OBDS 
OBBC 
OBDA 
OC9S 
OCAS6 
OCAE 
OO4F 


O04C 
OO04E 


QO6E 


19E3 
1258 
QQSD 


1038 


149F 
14A9 
14DD 
14C3 
14CS 
14CF 
14E8 
14D? 
1515 
14D0C 
LS ce 
1001 
1010 
O67A 
O68C 
00S? 
OSE9 
0651 


O0067* 02952 03014 


00152 
029-72 
O2977* 
029S5S1x* 
02956 
02961 
02968* 
01241 
01257 
01258 
01266 
01284 
0127S 
01259 
01352 
01428 
01427 
00018x 
01453 
01667 
0174S 
01924 
03281 
00016* 
01270 
00017* 
01272 
01944 
00039x 
02805 
03063 
02445 
01326 
00032* 
02968 
01494 
01616 
01893 
00829 
02807 
02816 
02823x* 
02824x 
02829x* 
02842* 
02831 
02832 
02836* 
02811 
01511 
01909 
00282 
00287 
0002S* 
00120 
00272 


02915 
0297S 
02980 
02954 
02959 
02964 
02970 
012S7* 
01260 
01264 
01272 
01290 
01279 
01278 
01427 
01434* 
01433 
00651 
01454 
01677 
01746 
01946 


00376 
01833 
00386 
01427 
01997 
02369 
02806 
03105 
03794 
02365* 
02300 
02973 
01540 
01655 
01944x 
02802 
02827 
02837* 
02876 
02847 
02835 
02867 
02833 
02842 
02872 
02813 
01823 
01913* 
00287 
00351x 
01402 
00271 
0029390 


01271 


01280 


01438* 
00743 
01549 
01709 
01747 
01951 


00381 
01835 
00531 
01455 
O1999 
02388 
02824 
03127 


02785 
O25i. 


01545 


01672 
02982 


02868 


02873x 
01839 


00292 
01404 
00300 


03022 03072 03080 03271 


01274 


01289 


00801 
01574 
01717 
01748 
02000 


00384 
01918 
00581 
01507 
02500 
02408 
02825 
03134 
02322 


01575 
01675 


02875 


01860 
00295 
01406 
00310 


01292 


00936 
01594 
01722 
01773 
02002 


01260 
02498 
OO??? 
01601 
02943 
02410 
02924 
03160 


02351 


01578 
01688 


01428 
01615 
01723 
01776 
02499 


01262 


01172 
01831 
03600 
02419 
03047 
03183 


02405 


01596 
01691 


01432 
01618 
01738 
01812 
02869 


01265 


01178 
01906 


02422 
03049 


03190 


02413 


01599 
01739 


01906* 02014 02981 


00339* 
01409 
00320 


01411 


01437 
01650 
01744 
01922 
02944 


01268 


01257 
01908 


02423 
03060 


02833 


01604 
01864 
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Pm pr pon om oe 


User 
OSF? 
0601 
0612 
062A 
062D 
0638 
O98E 
OA20 
0A47 
OA8C 
OADD 
O9A0 
O9AS 
O9C9 
O9E7 
OAQB 
OAIF 
OAQNO 
QA38 01003 
OA44 
OA46 
OAS? 
OA6D 
OA82 
OA84 
OA89 
OA8B 
OASE 
OABE 
OAD1 
OADS 01079 
OADA 
OADC 
OB11 01135 
OAE9 
OBO? 
OBOF 
1480 
1482 
0003 


00273 
00277 
00288 
00291 
00301 
00309 
00311* 
00342 
00993* 
01024 
01071 
00350 
00921 
00916 
00939 
00944 
00967 
00938 
00964 
0100S* 
01004 
01009 
01033* 
01037 
01054* 
01053 
01032 
01058x 
01080* 
01084 
01106 
0110S 
01091 
Oll1i1x* 
011435 
01130* 
01144 
G1129 
008527 00597 
| 02754 


OP407 


Creck i 
CHECK2 
CHECK3 
CHECK4 
CHECKS 
CHECK6 
CHECK? 
CHEK 1 
CHEK2 
CHEK3 
CHEK4 
CHEKS 
CHK11 
CHK12 
CHK13 
CHK14 
CHK1S 
CHK16 
CHK1? 
CHK21 
CHK22 
CHK23 
CHK31 
CHK32 
CHK 33 
CHK34 
CHIK35 
CHK36 
CHK 42 
CHK43 
CHK44 
CHK45 
CHK46 
CHK4 7 
CHKSF 
CHKS1 
CHKS2 
CHKS3 
CLEAR 
CLR1 
CMPNUM 


00912 


01124x 
00920 
00952 


00969 
00951 


00923 


00968 00977? Q0979x 


01010 
01011 
01041 


010SS* 
01039 


01043* 


01042 01057x 


01088 01094 01096 
01108 
0109S 01110* 


01146 01148x 


01147 
027S0* 


OO101* 


CNT 


CNTBIT 


Q06D 


O068 


Q0038* 
0242 
02050 
03188 
O0N036* 
03042 
032106 
03184 


OZ 173 
028023 
O2064 
GS2 2 
a 


2188 
02815 
02068 
O32 324 
02282 
03044 
03128 
OZ191 


2560 
02823 
03103 
02244 
02297 
03051 
03130 
03193 


02386 
02845 
USI25 
03248 
02302 

3052 
US5155 


02403 
02873 
03132 


02334 
03053 


03137 


02411 
02925 
03158 


02929 
03054 
03161 


02421 
03040 
03181 


03041 
03061 
03163 


CRGDAT 
CRGSET 
CRGST1 
CRGST2 
CSTBL 

CSTBLE 


1A10 
16EA © 
1711 
1718 
O68C 
0695 


03120 
00850 L7 7x 
0319S* 03198 
03200« 05203 
00303 00208 
00308 00344 


Q31535 O3801* 


00312 00358 


CURADP 


1152. 


0048 


00015 
00676 
01050 


00489 
00682 
01078 


O0S24 
00670 
01099 


C0S41 
COP 26 
DELC?Z 
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00634 


QQE9 


UL13 


00639 
1643 
O1138 


00641 — 
01047 
O1194 


CURCAL 
CURCL 1 
CURCL2 
CURCL3 
CURCLS 
CURLR 

CURLRA 
CURLRF 
CURLR2 
CURLR3 
CURLR4 
CURLRS 
CURLR6 
CURLR? 
CURLR8& 
CURLR9S 
CURRAT 
CURRA1 
CURRAZ 
CURRAS 
CURRA4 
DATA 


DAY 

DIACLR 
DIACL1 
DIADAT 


DIALNO 


OIAL2 
DIALZ1 
DIAL22 
DIANO1L 
DIANOZ2 
DIAP1 


DIAP2 
DTADD 


DTADD1 
DTADS 


DTCNT 
DTDP 


PEG 
1808 
1811 
181D 
180A 
OB12 
OB6E 
OB71 
0B30 
OB3F 
OB46 
QOBS2 
QBS6 
OBSB 
OB6? 
QOB6B 
1°BB 
Lip 2 
1/7D8 
L?E2 
17D1 
Q04A 


14F4 
146C 
146E 
QO087 


0099 


L326 
1528 
Loss 
LASC 
LAS6 
OOBC 


OOBD 
18C4 


18CE 
0050 


0049 
0045 


01198 
O2787 
03386 
03665 
01141 
03371 
03373 
03390 
03381 
00359 
01193 
01162 
01170 
OL eZ 
01165 
01186 
01189 
01167 
01196 
01199 
01144 
03334 
0535356 
03338 © 
03340 
00014* 
02590 
03735 
02840 
02003 
O2716* 
00054 
02978 
00043 
O2717 
01791 
02890* 
02895 
00731 
00764 
00055* 
00978 
000S6x 
01993 
02486 
03711 
03555 
00019 
00600 
00013 
00011* 
00532 
00599 
02471 
02558 
02652 
03554 


01201 
02926 
03392 
03670 
01192 
03385 
03375 
03394* 
03384 
00361 
01203* 
Ol 71 
0117S 
01178 
01184 
01190* 
01192* 
01194 
01200 
01202 
01202 
03344x 
02347 
03352* 
03343* 
00158 
02689 
03739 
02848* 
02715 
O2719 
00955 


00738 
02897 
01814 
02893 
02900 
03806x 
02890 
00954 
01992 
01609 
02946 
02544 


03557 
00551 
02554 
02473 
00155 
00533 
00601 
02506 
02559 
03487 
03556 


01221 
0320S 
03395 
03672 
03369 


03377 


03387 
01162* 


01174 
01181 


03332* 


03346 
00163 
03422 
03743 


2920 
00973 


00771 
03608 
02889 


O3807 
00959 
02945 
01627 


02593 


00554 
02556 
02487 
00156 
00555 
00699 
O2509 
O2562 
03489 
03570 
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OL5355 
03342 
03597 
03674 


03379 
03393 


01176 


555) 
00168 
03436 
03747 


01610 
00932 


00960 
01634 
02628 


00562 
02561 
02504 
001461 
00556 
00700 
02521 
02564 
03500 
03572 


01514 
03345 
03635 


03388 
03396 


01177 


033556 
00173 
03499 


01628 
00947 


0096S 
01644 
02661 


00565 
02563 
02514 
00166 
00564 
00702 
02524 
02645 
03520: 
03574 





01890 
03350 
03637 


01180 


02475 
03518 


01636 
01558 


OOP CZ 
01646 
02691 


00586 


02516 
00171 
OQS6? 
00704 
02527 
02646 
03523 
03593 


2 LG 
033555 
03639 


01183 


02483 
03707 


01664 
01591 


00974 
01649 
02697 


00588 


S592 
00493 
00587 
00706 
02529 
02648 
03532 
03594 


en, 


Lost 2 
03382 
03662 


01204* 


02511 
03723 


01968 
02667 


00975 
01663 
03552 


O0598 


00494 
00589 
02469 
02533 
02650 
03552 
03708 
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OTLCD 
DTLCD1 
OTLCD2 
DTSUB 
DTSUB1 
END 


END1 
END2 
END3 
ERFLG 


ERROR 
ERRORD 
ERRORZ 
ERRORS 
ERROR 
ERRORS 
ERRORS 
ERR1 
ERR2 
FIGURE 
FIG1 
FIG2 
Piles 
FIG4 
FIGS 
FIG6 
FIG? 
FIG8 
FLAG 


PUCED 
HOLD 
INPDAT 


JMPADR 
JTBL 

KENSAK 
KENSKA 
KENSKB 
KENSKC 
KENSKD 
KENSKE 
KENSK1 
KENSK2 


1154 


1449 
144A 
1459 
18CF 
1809 
18DA 


18FA 
1904 
1910 
OOBE 


0695 
1LA6éC 
Q6AB 
Q06C1 
Q6CE 
O6DC 
O6E? 
0138 
Q13C 
OBDB 
OBF6 
OBFF 
OCOD 
QE12 
DEL? 
OC1C 
GOETF 
OC24 
0042 


1A64 
OOBF 
187°C 


Q13E 
013D 
EZC1 
1349 
1352 
1358 
138°? 
1388 
12C? 
12E1 


03709 
03732 
0256S 
02688 
02695x* 
02526 
03573 
00153 
00893 
03587 
03608* 
03602 
000S7x 
00921 
02541 
00124 
00395 
00377 
00395x* 
00388 
00407x 
00387 
00075x 
00076x 
01242 
OTS12 
01318 
OLs271 
O1322 
01323 
01324 
01327 
01308 
00008x 
00431 
00468 
00561 
00760 
OL 7 
01482 
01931 
02515 
03599 
00407 
00059x 
00157 
02688 
00081* 
O00080* 
00495 
02525 
02531 
02535 
02528 
02539 
02469* 
02476 


03713 
03733 
02687x 
02694 
02701 
03570* 
03575x 
00501 
01971 
03603 
03612 
03614 
00122 
01010 
02871 
00376* 
03809x 
00379 
00398 
00401 
00410 
00400 
00378 
00385 
01307* 
01318 
01321 
01326* 
01328x 
01330* 
01332* 
01329 
01325 
00114 
00433 
00485 
00621 
00792 
01287 
01483 
01963 
02525 
03603 
03808* 
02598 
00162 
02695 
00213 
00218 


00538 


02529 
02533 
02537 
02558x 
02551 
02532 


02481x 


03716 
QS 750 


00575 
01982 


00198 
01087 
02949 


00386* 


00412* 
00382 
01279 


O1Sst 
01335* 
00125 
00434 
00487 
00623 
00794 
01321 
01485 
01964 
02545 
03605 


Q2599 
00167 
03486 
00216 
00219 
00568 


03719 
03741 


00591 
03587 


00209 
01110 
03283 


01274 
01282 


01333* 


00271 
00448 
00492 
00668 
00817 
O13S22 
01487 
02404 
02548 


02603 
00172 


00293 
00298 
02466 


O2560* ~ 


02536 
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US721 
03745 


00603 


00387 
01147 


01277 
01838 


00389 
00450 
00520 
00670 
00819 
01323 
01798 
02412 
02552 


02610 
02474 


00296 
00299 


03725 


00711 


00388 
01733 


Q1291 
02948 


00391 
00451 
00522 
00725 
00847 
01324 
01800 
02444 
02560 


02612 
02488 


00313 
00318 


03727 


00832 


00412 
01734 


01837 


00401 
00465 
00536 
00727 
00849 
01366 
01883 
02468 
02784 


02848 
02510 


00316 
00319 


03728 


00862 


00414 
02540 


02947 


00403 
00467 
00550 
00758 
pe 
01414 
01885 
02503 
02936 


02864 
W26o¢ 


KENSK3 12ES 02483* 02489 
KENSK4 12FS 02485 02490* 02515 
KENSKS 12F6 02491* 02496 
KENSK6 1310 02493 02503 
KENSK? 1312 Q2504* 02518 
KENSK8 131E€ 0O2510* 02547 
KENSK9 1333 02479 02482 Q2519* 02557 
KEYCD Q652 00278 00328 
KEYDAT 0058 Q0026* 00116 00190 00274 O02??? Q0302 Q054¢? Q1168 
01184 01194 01413 03388 
KEYNUM OOSA 00028* 01370 01379 01380 01390 01392 02317 Q2320 
02321 02324 
KEYSET 0054 00022* 00279 00912 00930 00945 00953 00971 00999 
0100S 01026 01033 01045 01075 01080 01092 01097 
01124 01131 
KNSEQ1 1378 02548 02552x 
KNSKEQG 136? 02513 02543 
KNSRTS 1399 02480 02502 02542 02560 02566 
K88SCN O0C31 O01351 01366* 
K88SN1 O0C40 Q1373* 01396 
K88SN2 OCS2 QO1377 01382 
K88SN3 OCS6 01384* 01394 
K88SN4¢ OC6S 01385 01392 
K88SNS OC6B 01381 01395x* 
K88SN6 OC?? 01398 01401* 
K88SN? OC7D 01400 01404 
K88SN8 OC8C 01408 01411 
K8BSN9 0094 01366 01389 01403 01404 01410 01415 
LCD L10E 00393 00399 0040S 00411 00491 00526 00580 00625 
00635 00672 O067? 00693 00729 O00742 O0762 Q0775 
00796 00821 00851 00935 00950 00958 01007 01055 
01108 01142 01145 01203 Q1222 01286 Q1334 01802 
0188? O2089* 02673 O2702 02901 03613 03641 03677 
LCDBSY 11C4 02129 02150 02206 02237 
LCDBY1 11CE 02242* 02250 
LCDOSP 115C 02095 02150* 02221 
LCDINS 1148 02091 02104 02108 02112 Q2129* 02217 
LCDINT 1195 Q2203* 02917 
LCDIN1 1197 Q2204* 02214 
LCDIN2 11AF OQO2205 02216 
LCDIN3 1188 0O2220* 02223 
LCDINS 119B 02206* Q2225 
LCDM 0071 O00042* 00396 00408 00628 00647 00687 00688 00697 
7 00732 00737 00765 00770 00931 00946 00957 01006 
01027 01046 01076 01098 01132 02094 02409 02420 
02446 02467 02550 02579 02589 02600 02643 02666 
02690 02752 02809 02891 02896 03048 03062 03111 
03116 03121 03154 03179 03196 03201 03224 03238 
03252 03256 03264 03409 03411 03413 03421 0343? 
03451 03452 03469 03609 03666 03692 03763 03783 
LCDMCR 1966 00392 00404 00490 00496 00525 00624 Q0671 00728 
00761 0079S 01285 01801 01886 02442 O02501 02586 
03101 03151 03177 03601 03606 03690* 
LCDMP 0040 00006* 00543 00632 00636 00638 00674 00678 00680 
00692 00798 00925 00929 00934 00942 00949 00956 
00964 00965 00996 01044 01052 01054 01071 01074 
01077 01096 01104 01106 01130 01136 01187 01190 
© HITACHI 











1155 





LCDOMST 
LCDMS1 
LCDMS2 
LCDMS3 
LCDRES 
LCDRS1 
LCDRS2 
LCDRS3 
LCDSET 
LCDSE1 
LCDSE2 
LCDSE2 
LCDSE6 
LCDSE7? 
LCD1 
LCD2 
LCD3 
LCD4 
LCDS 
LFCRSR 
LFCR1 
LFCR2 
LFCR3 
LFCR4 
MAINKS 
MAINPR 
MAIN 
MAINZ 
MAIN3 
MAING 
MCR1 
MOTBL 
MOTBLE 
MEMCLR 
MEMCL 1 
MEMO 
MEMOP 
MF DAT 
MF OUT 
MFOUTE 
MFOUT1 
MF OUT 2 
MFTBL 
MFTBLE 
MNYASC 
MNYAS1 
MNYAS2 
MNYASG 
MNYASS 
MNYAS6 
MNYAS? 
MNYASS 
MNYAS9 
MNYA10 


1156 


12AB 
12B0 
12BC 
12B6 
1 
1176 
1178 
117A 
1276 
1278 
12A3 
12 7D 
12A? 
128E 
1118 
1134 
113D 
1144 
LISF 
Lea 
1930 
i? Le 
1955 
1922 
0504 
OSOO0 
QS12 
QS17 
OSITC 
OS 1 
1968 
OSB9 
OSE? 
1476 
1478 
0100 
OOBS 
OOBS 
1LODF 
1OFS 
10E0 
1LQEE 
10F6 
110E 
1612 
1614 
1620 
1638 
1645 
164E 
1655 
1658 
1650 
1643 


01197 
03344 
03591 
02365 
02444 
02444 
02446* 
02172 
02174x 
02175 
02176x* 
02370 
02404* 
02404 
02406 
02412 
02414x 
02094 
02107x 
02106 
02102 
02112* 
OL1-735 
03638 
03628 
03633 
03631 
00114x 
00111* 
00117 
00119 
00122 
00123 
03691 
00202 
00207 
00800 
02734 
00064x 
OO00SOx 
000S2* 
01559 
02038 
02031 
02032 
02031 
02035 
03040* 
03041 
03045* 
030SS* 
03063x* 
03041 
03042 
03043 
03044 
03062* 


01200 
03348 
03634 
02384 
02448 
02450 
02451 
02916 
02189 
02179 
O2177 
02389 
02425 
02427 
02428 
02429 
02430 
02099 
02110 
O2111* 
02115x 
02116 
03626* 
03641* 
03630 
03642* 


03634x 


00114 
03821 
00120 
00121 
00124x 


00125* 


03694 
00207 
00259x 
00927 
02737 
00736 
01491 
01562 
01629 
02043 
02036 
02039 
02035 


~~ 02074* 


03107 
03066 
03069 
03077 
03087 
03068x 
03070* 
03072* 
03074x 
03088 


O1219 Olee? “0275? O35207 “05352 05541 


053553 05569 035835. 053585: -035391 


03640 03669 03676 


02442 


02403* 


03632x 
00126 
03822 
00122x 


00212 
02664 
00769 
01536 


01632 
02030 


02040 
03129 


03071 
03079 


03823 


0021S 
02733 
00933 


01684 
02041 


02050 
03136 


03073 
03081 


@ HITACHI 


00227 
02921 
00948 


0169S 
O2Z9355 


03162 


0307S 
03083 


02668 
01928 


03185 


03085 


03394 


O2735 02895 
01961 02942 


03192 


MNYA13 
MNYALS 
MNYAILS 
MNYA16 
MNYA1? 
MODE 
MODEF 
MODE2 
MODE3 
MODE4 
MODES 
MODES 
MODFLG 


MOD10 
MOD100 
MOD101 
MOD102 
MOD103 
MOD110 
MOO111 
MOD112 
MOD113 
MOD120 
MOD121 
MOD130 
MOD131 
MOD132 
MO0133 
MOD134 
MQ00D136 
MOD140 
MO0141 
MOD142 
MQ00143 
MOD144 
MO0145 
MO01S0 
MOD1S1 
MOD160 
MOD20 
MOD30 
MOD40 
MOD41 
MOQD42 
MODSO 
MODS1 
MODS2 
MOOS3 
MODS4 
MODSS 
MODS6 
MOD6 
MOD61 
MOD62 
MOD63 
MOD? 


1661 
1666 
166B 
1670 
1678 
OS7B8 
OSB8 
0S87 
OSS 
O591 
U5S92 
OSAZ2 
0041 


O6EE 
08B2 
08C3 
O8CcCc 


O8D0F 
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MOD94 
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MONEY 
MONEY 1 
MONEY 2 
MONEY 3 
MONEYS 
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MOVE1L 
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MOV11 
MOV21 
MVECUF 
MVECUR 
NEWKEY 
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NOZ2 
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PBODR 
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PODTR 


PEDTR 


PFOTR 
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00618 
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01320 
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03014 
03022x 
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00537 
02623 
03763x 
03782x 
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00646 
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01737 
02133 
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02095 
O2725 
00170 
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01401 
03710 
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02186 


01481 
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01490 
O1619 
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03495 


01434 
01910 
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O2209 


02096 
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03492 
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01509 
01827 
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01630 
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01712 
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01687 
01880 
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01958 
03522 


01714 
01950 
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01690 
01881 


01560 


01657 
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03527 


01735 
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02182 
02242 
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RAMCLE 
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RAMEND 
RATDAT 
RATSET 
RATSE1 
RATSE2 
RATSE3 
RATSE4 
RATSES 
REC 
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RSTEND 
RTCRSR 
RTCR1 
RTCR2 
RTCR3 
RTCR4 
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RTS11 
RTS12 
RTS13 
RTS14 
RTS15 
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RTS18 
RTS19 
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SCR 
SDP 


SEC 
SECCNT 


SECDAT 
SHUCAL 
SHUCNT 


SHUNEW 
SHUSE 

SRUSEC 
SHUSTA 


SINGL 
SNGCLR 
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SNGS1 
SNGS2Z 
SNGS3 
SSR 
STBDAT 
SYSINT 
TAN 


OS7A 
LOO 
1976 
198F 
16A8 
LA2C 
1?2C 
LSS 
1786 
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(fe 
OOB4 
0115 
LODE 
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L725 
L762 
1941 
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LOSE 
104C 
1056 
1059 
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1ODA 
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OQ6F 


1A18 
1A12 
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0065 
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0525 
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01945 
02009 
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00096* 
00012 
02555 
00020 
00070 
03004 
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03236 
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02346 
00071* 
00034 
03245 
00068 
01314 
03315* 
OLS S2Z 
03110 
OZ11S* 
03120 
00097? 
00029 
COOLS 
006S0 





00178x 
03707 
03714 
05730 
02530 
03195 
03220 
03251 
03273 
03278 
03284 
03228 
01775 
02491 
02010 
03654 
03669* 
03673 
03658 
03678x 
035662* 
01946 
01547 
QO1953 
01957 
01970 
01976 
01981 
O201 1 
Q2016°% 
OSes 
00144 
02470 


02957 
01316 
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03200 
02784 
02804 
U425" 
O3800* 
02841 
02928 
02822 
03246 
03023 
0200S 
OSs510 
O3101%* 
OSias 
03118 
03123 
00146 
01368 
00138x* 
0264 3>« 


OStL7 


02534 
03802x 


03240 
O1eS7 
02512 
02013 


03677 
03660 
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01956 


01978 
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02472 
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TAN] 
TANZ2 
TANS 
TCNTR 
TCR 
TOR 
Feu 
TELCLR 
LELCLS 
TELCNT 


TELDAT 
TELFLG 


TeELCO 
TELMN 
TELMN1 
TELMN2 
TELMN3 
TELMNG 
TELMNS 
TELMNG 
TELMN? 
TELM1O 
TELMII 
TELM12 
TELM20: 
TeLMZ 1 
TELM 22 
TeiMZS 
TELM3A 
TELM3B 
TELMSP 


TELM30 
TELM31 
TELMS2 
TEEMSS 
TELM34 
TeUMSS 
TELM36 
TELMS( 
TELM38 
TELM39 
TELM40 
TELM41 
TELM42 
TELM43 
TELM44 
TELM45 
TELM46 
TELM4 ? 
TELM48 
TELM49 
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1419 
1424 
143° 
0070 
0009 
0008 
0062 
1489 
148B 
013A 


LOPZ 
0044 


1267 
OCAF 
OCCO 
OCCS 
OCCA 
OCCF 
OCD4 
OCD? 
OCDC 
OCDD 
GCE? 
OCFC 
OD00 
OD0B 
OD1O 
0014 
OE BS 
OE8BD 
OE9S 


OD15 
OD2E 
QD3A 
O0D87 
O0B7 
ODCF 
ODES 
GESS 
OE64 
OE 7B 
OE96 
OEAD 
OEB1 
OEBS3 
QEBB 
QECS 
OEDD 
OEE1 
OEES 
OEF 1 


02651* 
02657 
02666 
00041* 
00099 
00098* 
00033 
OTS13 
02768x 
00074x* 
01916 
02450 
QO010* 
01671 
01821 
02930 
01328 
O13555 
G14S1 
146572 
01453 
01454 
01455 
01456 
01458 
01457 
01489 
01484 
01459 
0159? 


01503 


01510 
01608 
01687 
01541 
01617 
01689 
01461 
01532 
01543 
01549 
01593 
01589 
01548 
01618 
01606 
01607 
01463 
O1710 
01711 
01720 
01709 
01728 
01731 
01732 
01742 
01718 


02655 
02663 
O24571 
OLs07 
00142 
00149 
02339 
02004 
02770 
01679 
01986 
03795 
O1312 
01693 
01822 


2584 
O1451* 
OL4o 7% 
01459 
C1461* 
01463 
01465 
0146? 
01469 
01430 
Q142] 
01494 
O1SO?* 
O1Siix 


Q1S09 


OL? 
O1674 
91699 
01546 
01645 
01692 
O1S31x 
01542 
O1S47* 
01580 
01601 
01609 
01618 
01657 
O1677x 
01670 
01709 
O1?719% 
OL721% 
01722 
01726* 
01731 
01741 
01743 
01744 
01725 


1310 
L258 
01240 
02344 
Q2767%* 


Q1770 
2955 


01318 
01694 
01829 


01462 


01484 


O1S513* 
01S515* 
A1690* 
01693 
01568 
01653 
R169 2x* 


01687 
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O2427 
U2Z919 


01803 


01451 
O19 
01830 


QO1464 


01576 
01656 


02429 


01805 


Q1iSis 
OLGe 
01892 


01466 


O1S:79 
01669 


02768 


ULSLe 


01602 
01741 
L909 


01463 


OLS27 
QO1673 


01841 01843 


01603 
O1?43 
01994 


01670 
01749 
01996 


01600 01605 
01676 01686 


TELMSA 
TELMSB 
TELMSC 
TEEMSF 
TELMSO 
TELMS1 
TELMS2 
TEEMSS 
TELMS4 
TELMSS 
TELMS6 
TELMS? 
TELMS8& 
TELMS9 
TELM60 
TELM61 
TELM62 
TELNO 


TELNOL 
TELNOZ 
TELWAT 


Tet Ts), 

TEL21 

TELZZ 

TELZZ2 
TEL23 

TEL24 

TeeZS 

JELSZi 
TEL S22 
TEL323 
TEL 324 
TelLoo. 
TELS32 
TEL341 
TEL342 
TEL343 
TELSS1 
TEL361 
TEL 362 
TEL363 
TEL364 
TELS (1 
TELS 72 
TELSO1 
recoil 
TELS12 
TELS13 
TIMCNT 
TIMCT1 
TIMCT2 


OFBD 
OFCD 
OF D3 
OFD? 
OEF2 
OF 10 
OF 62 
OF6s 
OF 6D 
OF 7D 
OF 83 
OF 89 
OFA4 
OFBA 
OFDB 
OFE?’ 
OFFOD 
0139 


1823 
1838 
OO0B6 


L832 
1846 
L853 
1859 
1868 
1873 
Lot? 


O0D40 . 


QOD61 
OD6C 
OD ?F 
OD9C 
ODAF 
ODC6 
ODC9 
ODCC 
ODDD 
OEOD 
OE19 
OE24 
QE2D 
OESO 
OESC 
OFOD 
OF 1F 
OF 31 
OF 47 
L1F4 
Lies 
1245 





01820 
01853 
01859 
On rarats 
01465 
01766 
01806 
01810 
Lee? 
01821 
O1S822 
01825 
01826 
01844 
01467 
01880 
O1879 
00073* 
01768 
02625 
02658 
00053 
Ol Gz? 
01984 
03415 
03441 
03445 
03443 
03459 
03463 
03461 
01547 
01556 
01567 
01554 
01588 
OSes 
01601 
01602 
01603 
01612 
01626 
01637 
01648 
01624 
01666 
01662 
OLE(S 
01780 
0178S 
01784 
02266 
02296 
02298 


01852* 
01860 
01862* 
01815 
0176S5x 
01778x 
0181S* 
01816* 
01819 
01825 
01827x 
01827 
01828 
01848 
01878* 
01881 
01882 
01538 
01807 
03409 
02696 
01531 
017S0 
02931 
03417 
03444 
03448 
03447 
03462 


03466* 


03465 

01549x* 
01564 
01569 
OLS77x 
01S590x* 
01598 
01606* 
01607 
01608x 
01616 
01638 
01642 

01650 
01654x 
01670x 
01674x 
O77 ?* 
01785x 
01793* 
01788 

02281 

02341 

02343 


01818 01824 01840 01851 


01829* 
01841 
01851x 


01883 
01893 
OlSs¢ 
01809 


03436* 
01534 
01765 


03449 


03467 


01644x 


01792 01795 01803 
O2295x 


01569 
01845 


01544 


01772 


03451 


03469* 


@ HITACHI 





QOis?7l 
01847 


01681 
01811 


01586 
OLOTS 


01716 
01850 





01861 


01590 
01985 


O1724 
01862 


01864x 


01683 
02952 


01726 
01914 
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TIMCT3 
TIMCTS 
TIMCTS 
TIMCTS 
TIMCT? 
TIMCTS 
TIMCTS 
TIMC10 
TIMER1 
TIMER2 
TIMSTA 
TLONT 
TOLCLR 
TOLCLI1 
TOLSTA 
TOLST1 
TOROKU 
TOROK1 
TOROK2 
TOROK3 
TOROKS 
TOROKS 
TOROK6 
TOTAL 
TOTLKY 
TRKC1 
TRKC2 
TRKC3 
TRKC4 
TRKCS 
TRKRTS 
TRMFLG 


TRNS 
WAIT 1 
WAIT 2 


WAITS 


WAITS 
WAITS 


YERCNT 
YOKO 
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LLee 
120A 
124A 
1220 
124F 
1233 
L2a2 
1241 
OB80 
OC2S 
OO06A 
1L1EA 
17A? 
1° A9 
16CD 
1602 
139A 
L5oe 
13A8 
13AD 
13AE 
LSPS 
L3FA 
0131 
0059 
13C3 
LSC 
13DE 


L3E4¢ 


1305 
1408 
0043 


OOCO 
OOAE 
OOAF 


OOBO 


QOB1 
QOB2 


LIES 
1AQD 


02301 
02302 
02309 
O02329x 
02329 
02332 
02335 
02340 
01238 
01350 
00035x 
01319 
02965 
03298x 
01330 
03153 
00S00 
02579 
02583 
02581 
O2589* 
02617 
02625 
00069 
00027 
02599* 
02602 
02604 
02615x 
02606 
02587 
QO0009* 
00666 
01024 
03632 
00060 
02858 
00045 
02937 
O00046x 
01614 
01989 
00047 
QO73 7 
01162 
01789 
01930 
02939 
O0004¢8x 
00049 
01288 
Ol Sti 
02210 


0234S 
02308 
02346 
02347 
02348x 
02349 
02350* 
02352 
03820 
03819 
02303 
02279* 
03297 
03301 
031S51* 
03156 
00590 
02585 
02586x 
02588 
02595 
02623x 
02630 
00878 
01371 
02614 
0260S 
02612* 
02622 
02608* 
02631* 
00200 
00815 
OLLSS 
03660 
02596 
02859 
01552 


01555 
OLé6Z25 
QO2938 
00482 
00776 
O12) 7 
01790 
01954 
03587 
01782 
00939 
01547 
02265 
03798x 


02307 


00602 


O3015 
01386 


00483 
00822 
01181 


02608 
02862 
O1LS72Z 


01564 
01638 


00516 
00791 
01484 
OP A26 
OL9S? 


01786 
00940 
01613 
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02310 02326 02332 02338 02350 


02578 


Q3017 
01387 


00518 
00830 
02016 


02611 
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O71 S65 
01640 
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00814 
01493 
OL7o7 
01965 


01787 
00952 
O19 21 


03068 


00539 
00845 
02481 


O2Z615 
01622 


O1S75 
01652 


00652 
00923 
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01981 
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00969 
Q1991 


03076 


00577 
00852 
02870 


02618 
ULe5i 


OiS35 
01660 


00665 
00928 
01780 
01863 
D190 


01794 
00970 
02941 


03299 


GOS73 
00860 
03282 


02621 
01654 


UlS75 
01668 


00724 
00937 
01783 
DLe7 i 
02009 


01920 
01258 


00619 
00993 
03590 


02855 
01988 


01598 
01674 


00744 
00941 
UL%85 
Q1O1? 
02017 


02940 
UL2 cs 
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Section 5. Circuit Diagrams 


5.1 Circuit Diagrams 


Function keys symbols Stat r (BZ) 280458 
D.C.=Display Charge 
D.A.C.=Display Accumulated Charge 
D.E.T.=Display Elapsed Time 

SET C&aT=Set Calendar & Time a 
CLEAR A.C.=Clear Accumulated Charge 


ea, 


+5V 










Ce SOR OO OR aH 
Bene e 4 See: | 
2EOOOOO. 
Te mb oe 





HDeso0sYo 


poomoctor oro ce re 


Fig. 5.1 Circuit Diagram 
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-2 Pin Location of the HDo305Y0 


Pin location of the HDo305Y0 for the Intelligent Telephone is 


shown in Fig. S.2- 


Note: Meaning of the arrow in the figure 












Input 
HD6305Y0 Output 
Input/Output 
L_1 KCO 
KCL 
KC2 
KC3 8x8 key matrix 
E25) 160. KC4 (input data) 
ea KC5 
158 |+—— KC6 
8) KC7 
T/Og i) 
£/07 oe ——» Buzzer 
T/06 ——> Relay 
HM6264AP! I/05 



















(data 1/04 
bus) 1703 51 ]——» R/W} H2572 Read/write 
1/02 SO] ——~ RS } H2572 Register select 
T/O] = 49]——e E |} H2572 Enable signal 
°n7-—7 aa] 17) te CS2} HM6264AP Chip select 
Ag +— {18} a: WE } HM6264AP Input/ 
A5+—I[19| ged OR Output select 
Ag+—{20 45) ae 6 Aj2 


HM6 264AP A3<— a: Ai] | HM6264AP 


(address bus A? peel A10 (address bus) 
eee eS AQ upper 5 bits 


lower 8 bits) A, *+—[23) 


Ao +— [24 41]——» 15 Ag 
KR7 +» [25] 





KR6 [2G] C6/Rx D¢/INT 2139] HD74LS240 
KR5 <> DE 

8x8 key matrix KR4 «»/28) D4 137} Switch 

(strobe signal) KR3 <> : D3 [36]}——— Photo-coupler Po eircult 
KR2 +> Photo-coupler conditions 


KR] <> '34|<«——— Photo-coupler {Detect receiving 


KRO «+ (32) Vcc 


Fig. 5.2 Pin Location of the Intelligent Telephone 
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5.3 Pin Functions 
Pin functions of the Intelligent Telephone is shown in Table 5.1. 
"Active Level" in Table 5.1 indicates the following; 
High: + .Llogical. <1 


Low : logical O 


— : logical 1 or logical 0O 


Table 5.1 Pin Functions of the Intelligent Telephone 





Active 
Level 
Pin Name Input / (High | Pin Name Program 
(HD6305Y0) Output or Low) Function Devices of Devices Label 
Ao Input/ Data bus for RAM (Note) HM6264AP 1/0} PADTR 
Output 
ALY Input 2/02. ~~ 
Output > 
“AQ 00 Input7 1/0300 
Output 
A3 Input/ 1/046” 
Output 7 
Aa Input/ | I/os 
Output 
‘AS input/ 1/06 
Output 7 
AG Input / _ 1/07 °° 
Output 
A7 Input7 __ 1/0g 
Output 
Ag Input / _ Data bus for LCD (Note) H2572 DBO PADTR 
Output 
A] Input / _ DB] 
Output 
_ AQ Input / eS DB? 
Output 
A3 Input / DB3 
Output 7 
Ag Input / DB4 
Output 7 
AS Input / DBS 
Output — 
Ag Input / = DB6E 
Output 
AZ Input/ a DB7 
Output 
BO Output — Address bus for RAM HM6264AP AO PBDTR 
By Output — (Lower 8 bits) : Al 
BQ Output — A2 
B3 Output — A3 
Ba Output — Aq 
Bs Output — AS 
Be Output — Ag 
B7 Output = A7 


Note: Data bus for RAM and data bus for LCD use the same port. 
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Table 5.1 Pin Functions of the Intelligent Telephone (cont. ) 





Active 
| Level 
Pin Name Input/ (High Pin Name Program 
(HD6305Y0) Output or Low) Function Devices of Devices Label 
Co Input/ Low Key scan strobe signal 8x8 KRO PCDDR 
Output key 
Go Inpuey bow matrix ~KRI 
Output 
C9 Input/ Low KR2 
Output | 
C3 Input/ Low KR3 
Output 
Cg dnput7/ Low KR4 
Output 
Cs Input/ Low KR5 
Output 
CE Input/ Low KR6 
Output 
CF Input/ Low KR7 
Output 
D1 Input High Detect receiving Photo- Collecter PDDTR 
coupler 
Do Input — Detect circuit conditions Photo- Emitter 
coupler 
D3 Input — Photo- Emitter 
| | coupler 
D Input High Control hook switch Switch 
eG apa adress bag for RANMINGES) SHNGIGIAD “ag = eee 
‘Ey, Output — ~~ (upper 5 bits) “AQ 
E> Output hae 
B3 Output — Aj] 
E4 Output .. Al2 
Es Output Low Data output enable (Note) OE 
EG Output Low Data write enable (Note) WE 
Poy, Output High RAM chip select (Note) CS9 
EQ Output _ Data bus for tone output HD61826 COLL PEDTR 
Ej Output — (Note) COL2 
E92 Output _ COL3 
E3 Output _ ROW] 
E4 Output — ROW2 
ES Output — ROW 
E6 Output — | ROW4 
E7 Output Low Hook switch ON/OFF (Note) HS 
FO Output High Enable signal LCD-II E PFDTR 
Fy Output Low Select instruction register RS 
High select data register 
FO Output Low Write data (microcomputer—>» R/W 
LCD-ITI) 
High Read data (microcomputer <— 
LCD-IT) 
FS Output High Control relay Relay 
F6 Output — Output buzzer Buzzer 


Note: Address bus for RAM (upper 5 bits), control signal and data 


bus for tone output use the same port. 
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Table 5.1 Pin Functions of the Intelligent Telephone (cont.) 





Active 
Level 
Pin Name Input/ (High Pin Name Program 
(HD6305Y0) Output or Low) Function Devices of Devices Label 
Go Input. — Key input data 8x8 KCO PGDTR 
G1 Input — key KCl 
G2 Input — matrix KC2 
G3 Input — KC3 
G4 Tnpu te == KC4 
Gs Pnput: KC5 
GE Input — KC6 
G7 Input — KC7 
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Appendix i. 
Tone Generator with Redial 
= FEATURES jo ee oe 
Direct telephone-line operation 
CMOS process for low-power and low-voltage operation 
Uses either a standard 2-of-7 keyboard or the inexpensive matrix 
keyboard 
Stable operation by using ceramic resonator 
Redial function (# key) 
Pause input (# key) 
0 or 9 dialing in inhibition pins for PABX system 
23-digit redial memory 
Redial memory overflow protection (inhibit redial) Ane 
On chip power supply voltage sense circuit ia Te 
Memory clear voltage 
Reset voltage 
@ Internal voltage reference circuit for stable Tone output 
@® Tone output with low distortion 


= BLOCK DIAGRAM 





= PIN ASSIGNMENT 











OSCin 





OSCout 














COL» Ze DTME Gen. 
ea Q 
COL: ie) ROW .COL 
ROWi—eH SS COUNTER 
ROW» fy) 
ROW: FH 

x 





(Top View) 





READ COUNTER 


= ABSOLUTE MAXIMUM RATINGS (Vss = OV) 








Item / Symbol Value Unit 
Power supply voltage 6.0 V 
Terminal voltage Vsg -0.3 toVpp +0.3 | V 
Operating temperature -20 to +75 °C 
Storage temperature 7 —55 to +125 °C 
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w ELECTRICAL CHARACTERISTICS 
e OC Characteristics (Vss = OV, Vpp = 2.0 to 5.5V, Tg = —20 to +75°C) 



























































Item Symbol Test Condition min. typ. *1 max. Unit 
Opcrating voltage (1) VDD “Tone Out Mode aa a6. _ 5.5 Vv 
Operating voltage (2) Vpp Non Tone Out Mode ee, — 5.5 “Vv 
Reset voltage “Vy R he ae ee. ~_ vO 
Memory clear voltage Voc _ 41.15 _ Vv 
Operating current Ipp Tone Out Mode, no load ; — 300 i: BA 
or ore gall E - fos | = [ua 

| “Yexcept Spin ———”—~<CS~Sstst=<Cs«~ BH DTC 
Input High voltage Virg HS pin Vpp =3.0to5.5V  |90% Vpp ees eee ee me | 
HS pin Vpp = 2.0 to 3.0V Vpp-0.1 = a 
Input Low voltage Vib _ & 20% Vpp | V 
Input leak current. | gpl | Pulkup MOS of, Viw=0t0 pp | — | - | 1 wa 
ee MOS =6 oe D,ST,S0,S9, ROW, a 10 _ uA 
Output High voltage Von —Ioy = 0.1MA (MUTE) Vpp-0.5 - ~ V 
Output Low voltage Vor ‘lToz = 0.1mA (ROW, COL) ae ana aah vO 
Output leak current liLol Output MOS off, Vin = 0 to Vp ao tas 1 pA 


(TONE MUTE) 





OV, Vpp = 2.0 to 5.5V, Tg = —20 to +75°C) 
Symbol Test Condition 





@ AC Characteristics (Vss 
















Item 





Oscillation frequency 

















Oscillation start up time 

















































































Z Gi ROW TONE VOR Single Tone Mode, 6009 to Vss 245 mVrms 
one u oo fe a : Ee en erry 
COLUM TONE Voc Vpp = 2.5 to 5.5V, Tg = 25°C 310 mVrms 
ROW TONE Single Tone Mode, 10k2 to Vss 270 ~mVrms 
Tone Out |; ae ie y ° a 
| COLUM TONE Vpp = 2.5 to 5.5V, Tg = 25°C 340 mV rms 
ROW/C —_ eee 
ee /COLUM Tone Out dBeor Vop= 2.5 to 5.5V 2 dB 
ratio | 
Output distortion Dis 10kQ to Vss, Vpp = 2.5 to 5.5V a Co 
*1 Typ. value is the design value (the standard valueat Vpp=2.5Vand7Tq=25°C) © 
= Description | 
The HD61826 is specifically designed IC to implement a voltage is higher than the reset voltage, the oscillator is 
DTMF (Dual-Tone Multi Frequency) telephone dialing enabled by a key input and then this key input is imple- 
system. With low voltage and low-power consumption mented with the key debounce circuit, In this case, if the 
CMOS process, it can be operated directly from the first key after the reset (note 1) is other than # and +, the 
telephone line. This IC generates each DTMF signal by internal memory data is cleared, and then this input key is 
digitally synthesizing the sinusoidal waveform for the encoded and stored into the memory. The following keys 
individual frequencies, using a 400 kHz ceramic oscilla- are in turn stored into the memory and converted into 
tion as frequency reference. The last dial numbers can be DTMEF signal outputs. (note 2) 
redialed by the simple key operation using an internal When the HD61826 is reset after dialing, it will be in the 
redial memory. The HD61826 can also be used as a redial mode with the first # key. However, if the 24 or 
normal DTMF dialer without the redial memory by mode more keys have been dialed previously or the memory has © 
select input. already been cleared, it cannot be in the redial mode. 
In the HD61826, ON HOOK/OFF HOOK is detected by During the redial mode, any key input is not accepted, 
the HS pin. When the supply voltage is lower than reset but after the completion of redial, the HD61826 can be 
voltage, the HD61826 does not accept any key inputs used as a usual dialer. The signal output will stop with the 
independent of the HS pin. When the power supply pause during the redial and the redial starts again with # 
voltage is lower than memory clear voltage, the internal key. # key is used to insert the pause data in the mem- | 
memory data is cleared. ory. In this case, # key does not influence the output of 
While the telephone is in the OFF HOOK and the supply signal but is stored in the memory as one digit. 


NOTES: 

1. In the HD61826, the reset means the clearing of all logic (counter, etc.) except RAM. HD61826 is reset when the 
telephone is in the ON HOOK or the supply voltage is lower than the reset voltage. 

2. While the key is pushed, the DITMF signal is kept generating. 
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= PIN FUNCTION 

® Vpp (Pin 1) 

This is a positive voltage supply pin which applies 
voltage to the basis of the Vs pin. HD61826 
provides the internal sense circuit for the supply 
voltage. To make this circuit operate stable, the 
following rising time is necessary. 


Femme Vi91) 







Reset 
voltage 


Memory 
clear 
voltage 


a cS ES a ea ae i I ae cea: a | eee Oe ee 


to=0.1—10ms 


@ TONE (Pin 2) 

This is a Tone output (DTMF signal output) pin. 
Output circuit is N-Channel MOS source-follower 
and the resistor to Vss is necessary. Further, to 

realize low power consumption in the standby , oe 
mode, TONE output MOS and internal Vref circuit signal 
are turned off after tone output completed. And 

this is synchronous with MUTE signal. DTMF 

signal is digitally synthesized by using the 400 kHz 

oscillation as frequency reference. Tone output 

frequency of HD61826 and its deviation from Tone count 

standard DTMF are as follows: N-channel sourcefollower output 


Von 





Standard Tone Output % Devia- : ! 
DTMEF Frequency Using | tion from 
(Hz) | 400 kHz Oscillation | Standard 
ci eee a ' 
697 
770 > Lone output on + 
852 
94] 
MUTE 
As the HD61826 contains an voltage reference 
(Vries) circuit, it always generates stable Tone 
output amplitude even if supply voltage and 
temperature change. 
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@ MUTE (Pin 3) Von 

This is a pin which mutes the receiver and the 

transmitter. Output circuit is P-Channel MOS 

open drain. To 
MUTE... High level internal 

While reset, the output voltage is held to Low level. iseIe 


P channel MOS open drain output 


® RD (Pin 4) Redial Operation Von 
This is an input pin which selects HD61826 opera- 
tions: a tone dialer with redial providing memory 
function, and a simple tone dialer in which only 
normal key input is converted into tone output. 
This pin is implemented with the pull-up MOS, 
and to realize the low power dissipation on reset, 
the pull-up MOS is turned off at the reset. (note 1) 


To internal logic 





(protection diode) 


Vss 


Operation Mode Operation 


: T ial ¢ no Tone out with * or 
High (to Vpp) Tone Dialer ree no Tone out wi or # 


or open with Redial ¢ Redial/Pause with # 


Simple not 
Low (to V ; ¢ Tone out with * or # 
ile ss) Tone Dialer available 


NOTES: = 
1. The input pins, with pull-up MOS which is turned off at the reset, can be applied to RD, ST, S0, 59, HS. 
2. The logic is positive. PMOS is ON with the low voltage and OIF with the high voltage. 





@ ST (Pin 5) Single Tone Test 

This is an input pin to put HD61826 in the single 
tone mode for tone output test. This pin is im- 
plemented with the pull-up MOS which is turned 
off at the reset. Further, in the single tone mode, 
digital signal for test is output on MUTE. Usually 
ST pin should be fixed to High level or open. 


S9 pin Operation Mode Tone Output 










High (to V | 
gh ( DD) oc Dual Tone DTME Tone out 
or open 





High to ROW Single tone out 
ras Single Tone 
Low to COL Single tone out 
NOTE: SO and S9 pins should not be Low level at the same time. 
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@ S0,S9 (Pin 6, 7) Selection 
These are input pins to select functions and each 


of them has pull-up MOS which is turned OFF at 


system. When the first key input after the reset is 
0 or 9, all the key inputs including the 0 or 9 key 


become invalid after then. In other words, the 
signals are not output to TONE and MUTE. Then 
the telephone is initialized by the reset. 


the reset. The function of this terminal is to 
prevent the 0 dialing in and 9 dialing in, which is 
applied to the telephone subset under the PBX 








Function 













High (to Vpp) or open Normal dialing mode 


9 dialing in inhibition mode 
0 dialing in inhibition mode 





Ae ee en reece geen ete erwin ee tetra 


Low (to ss) 


High (to Vpp) or open 




















Low (to Vss) 








Low (to Vss) 


Test mode (for testing IC. Not use.) 








@ OSCin, OSCout (Pin 8, 9) Oscillation Input, Output 
These are the input pins for the oscillator and con- 

struct the inverter (with disable function to stop 

the oscillation). The frequency is stable in the 

circuit by using the ceramic resonator. Then the 
oscillator section needs two external capacitors. 

The ceramic resonator should be 400 kHz and 

High Q. 


Recommended ceramic resonator: 
KYOCERA CO. 
KBR-400H cn IM 
ex. ceramic oscillation 3 
C, = 100 pF 
C, = 470 pF 


Protection device 


Disable 





(Internal EC) 


“OSCin OSCout 


Nios Vion 


Oscillation Circuit 
When OSCout is open, a 400 kHz external pulse can be applied to OSCin. 


®@ Vss (Pin 10) 
This is a negative power supply pin. 
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@ COL, to COL, (Pin 11 to 13) Colum Input 
ROW, to ROW, (Pin 14 to 17) Row Input 
These are input/output pins for a key board which 
consist of PMOS pull-up and NMOS driver. (As a 

matter of form, these are CMOS.) 

As the row and column are alternately scanned, 
the HD61826 can be connected both to the matrix- 
type keyboard and the 2-of-7 keyboard. While 
waiting for the key input, Rows are High level and 
Columns are Low level. And in the reset mode, 
both Row and Column are Low level. 

The hold time of the key should be more than 
10 ms. (While the oscillation stops, the period for 
starting oscillation should be added.) (note 1) The 
key debounce time is 20 ms. Tone is remaining 
while pushing the key (precisely speaking, after 
key operation, tone continues during the debounce 
time). But the key operation should meet the 
DTMF receiver specification. 


NOTES: 
1. The oscillation stops in HD61826; 
1. After the reset 
2. After the completkon of Tone output 


3. On Pause 


Matrix Keyboard 


ROW 








COL 


——————— COL 


ROW 





2—of—7 Keyboard 


When two keys are pushed at the same time, the 
key of the smaller number of ROW and COL is 
given priority and is entered. 
Ex. When 2 and 5 are pushed at the same time, 
2 is accepted. 
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Von 
IC 
internal 
logic 


\/O Circuit for Keyboard 


ROW, 
(f;) 


ROW; 
(f2) 


—eneeie 


ROW; 
(f2) 


ROW, 
(fy) 


om 


te. 
on 
~— 


(fe) 


CO1.3 


N 
E 
O 


Keyboard Configuration 
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@ HS (Pin 18) Hook Switch 
This is an input pin for detecting ON-HOOK/OFF- 
HOOK switch. It has a pull-up MOS which is 
turned off at the reset. 

ON HOOK .... High (to Vpp) or open 

OFF HOOK... Low (to Vss) 


a TIMING CHART 
HS 


HD61826 is reset by setting the HS terminal High 
level. Even if the HS terminal is fixed to Low level, 
the HD61826 is reset when supply voltage is lower 
than reset voltage. So without using the HS pin the 
HD61826 can control the operation mode by the 
monitor of supply voltage. Then, as the pull-up 
MOS is turned off with the reset signal, the current 
does not increase on reset. An external capacitor 
must be provided between the HS pin and Vez to 
prevent the switch from chattering. 





Key 2] 


OSC 


MUTE 


TONE 


(#] 








(2) (3)! 


















‘Pre-Digital Pause 
Tone Output time 
“Inter-Digital Pause 
Post-Digital Pause 







Redial 






etter mene ee et en feu a cee Ot Ae 0 a temeee mee ean mere: — 


= AN EXAMPLE OF KEY OPERATION (RD = High) 


HOOK KEY TONE 
a arma aa a ce a (Te 
Normal Dial OF 0123456 0.1.2,3.4,. 8.6, tnote) 

ON 
Redial orl 2 oF 2 3.4 5S 6 tnote) 
Dial after Redial 78 7,8, 

ON 
Redial OF 2 O-.4'.2 3.4.5 -6-7-8 


Normal Dial 
(Pause Entry) 
Redial 


. 
u 
tw 
~] 


Jt. 2, 








(including Pause) 1-2, 
Dial of 24 digits or more | aes Eure ecreere ! Polaco ty 
24 times 24 times 
Prevention of Over Flow 3 
abate ON ee IN 


ae serene oe ate ce em cE 


etree ere eran ater ae me Pah mae 


10 dialing in inhibition mode with $0 > Law and §9 = Highy 


ON 

ore fr23o 

ON 

Orr =f04$678 

ON 

ODE EAS Pn Oe aie, ama oate gayle 


NOTE: , shows that after tone output Mute is 
Low level and - shows that Mute is High level. 


© HITACHI 


1176 


= APPLICATION CIRCUIT 


HS1 
cs 
HS2 


OSCin OSCout 


Vip 
. Rk ceete 
ROW, 
7772 - ROW> ee cs 
30 OW. {7a 
58 Row, LT 0 TFT 


: . 
aE = COL: 

oO 

an) 

a 

ie 

MUTE 


Speech Circuit 
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Appendix II. HA16808NT Data Sheet 


—Preliminary-— 


WM Abstract 

The HA16808NT is a monolithic IC including 
speech network, tone ringer, and speaker amp. 
Therefore the telephone with speaker can be 


composed of HAI6808NT and dialer IC. 


Ml Features 
- Low voltage operation ------ (1, 8Y) 





* AGC according to the line current (Gains of sending; 
receiving, DTNF, and melody) 

‘Adjustable receiving gain by external resistor (0~+10dB) 

- Interface for DTMF (Ypp,; MUTE; Sending amp. of DTMF signal) 

* Interface for seledy IC (Ypps Sending amp. of melody signal) 

- Noise suppression (No output for the input below noise level, The noise 
level can be controlled by external components. ) | 

- Possible to dial under the on—hook condition (Included speaker amp, ) 

* Possible to receive by speaker (Also possible to send with handset in 
speaker mode. ) 

-At the time to send DTMF or melody, backtone comes out from receiver. or 
speaker, 

* Variable oscillation freq. of ringer by external R, C. 


- Variable supply initiation current. 
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Mi Block Diagram 


SW3 (HS) 


42 


Ta 


O 

O 

& 
oq an oO ~ We) Wy vr ran) N 
= ~ ag) ~ -m ~ faa) ~m m 





oa N 
ro 4 
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+ + + 
AEA AoE SLE 
oy N N NS NS N N NS 
a a ae 
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3 <I ie 
O fu 
: — 
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Ltt fall fs 
fx} {Q 
A ek eee 
=) Ey) cs) i) ls! (al Isl fal 
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MELODY 


fxs 
= 
f& 
Q 


eH H 





my 
DT MF 
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[o>] 
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a 
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Swonly Voltage CFF HoH) | ef 20 | 
ra ce 
7 A 
[4 [Ooeration Tensersare | Toor [=t0=470 | | 
= 
me 







[6 [Power Bissiostion py | 


Note 1) 3S Pulse duration 





WM Electrical Characteristics 


| 


| 15 | Receiving Gain Ce 
re 

| 7 Up Mode 
8 


meee 


T 

DTMF Sending Gain 
Sending Dynamic Range 
Receiving Dynamic 
Range 
| 17 | DIMF Dynamic Range DRag 
7 18 | | | | 

|19 | DIMF Supply | Stand—by| Vpp 20 

— tVoltage | 
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(handset mode) 
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Test Condition 
L mA 


C/ 
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iow) 
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4180 





















NO yinbo!| Test Conditions Unit 
[p mA . | max, 
21 | DIMF Supply Yop 20 V 
Voltage : _—_ 
22 | DTMF Supply | Stand—by} Ipp 20 tA 
23 | Current 20 mA 





40 | 60} 80 mVp—p 
conor 











(speaker mode) 












e 
vo 
co}; ot}? 


80 















DIMF Sending Gain GMFSP fe oe 21.5 | 23. 
ne 
13 | 


ia 50 | f=1kHz 2, 


or 
> 
ico) 
ot 


1 y 
[a0 |_| 10 
Receiving Gain 10 |-7.5 | oB | 
Sending Gain 30 47.5 149.5 | 51.5 | dB 
ey 80 40 44} dB 
Cl ORS Ce OS Se 

30 5 25.5 | dB 
7 


jen | 
pee! 
— 
72) 
me) 
Qo 


i] 

ee] 

“A 

ae | 
ow) Ct 
So 


<= 
Oo 

| 
no) 


f 
0 | Speaker Output 





eo 
—" 
e e 
ct 
< 
c 
SS 


DTMF Backtone| Receiver BTursp| 25 | Vin=120mVp-p 
rr 


oO 


or 

oO 

© 
~I 
— | © 
nw | oO 

= 4 

< 

A=) 

! 
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S 
<= 
i 
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—"s 
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OO} ©] OT] 
oOo; So 
[a] 


[18 [Svesker tar. Cain [tse | 30 | ————S«diCi || 
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(melody mode) 


Item Symbol] Test Conditions | Spee. = | Unit 
Tp mA sie. [i typ. | max, . 


«[ 









Melody IC Voltage Von 20 


"4 
| 4 | Supply Current Current | Tou | 20 
ay 
= 


ST ieledy Sendiae Gait Gap f=1kil2 25 

ahaa talk 3 : 

7 | Melody Sending Dynamic 30 | f=1kHz aes 
ae ie =— et 


a Melody Back res BTup | 380 | f=1kHz 30} 60° 
| 9 | oe Speaker | Vines 350 50 


item Symbol Test Conditions 


Su Supply Initiation Voltage Initiation jon Voltage] Vrq 
ao a Vr 
[ieee eae [ios | 
Vin=24V, Ion=—10mA | 20, 
ie ee oe Ri =165kQ, Ci =0.47nF 
‘in : 





(tone ringer) 


| Spec. | Unit 


wax 
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Mi Test Circuit 
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ee Se See eee eae 

Come re Come Come! ao eo = Coma ao re N N 

; ieee ae ae 
is Sa a a 





Mi Pin Description 


| No. 


HIC 1 Hic. Input I Hook Switch HS | 
MIC 2 AGC 
0 


a 
ow) 


CAS qa oS) qo a3 Qo oo | oD qo > ce 
h bo io ©) — or oO ~“ oe) co —) — 


=> 
c3 
C2 





| Voice SW Gain Adjustment | YS3 





Tone Ringer 


UTPUT 


Yec 
LOW FREQ, 
TIME 
CONSTANT 
HIGH FREQ. 
TIME 
CONSTANT 














| (Noise Suppression) 


 Deside: ihe-Siippeessien: /'Vo4 


BRG1 
BRG2 
| Loss Pad on Speaker mode | ALC 


| Variable Ysp Voltage Ves ALT 
Regulating Capacitor BIPS 


pn 












| Bridge part 1 












| Bridge part 2 













DIMF Node (21.6V) 







On at Helody Node Speaker Amp. GND GND 2 
| L1 30 
Re | Decide IC Bias Current | Speaker Part Regulator Ysp 






SS 


BHO | H& | BO eo | MS io) 
ma | OO | CO] & | OT] OS | ~~ | CO] ZC 


FGRCT =| Adjust Receiving Gain | Compensating Capacitor | COMP1 
Receiv iig Siena. Inoul-| Goeawer Amp Dub put SP OUT 
Veer? Kelody IC Supply /Buffer Amp, Input ‘| BUFF_IN 
all See Receiver Output REC1 

2 






ne ee eee 
Ct | we | GO ao | = | & 
= 
CO 
| eames 
Lou] 





2 
2 


eo | etl Gt ee OE oo 
So}; © worn] OS 
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WM Connection Arrangement and Application Circuit 















Cex0 SW3 (HS) 
nie 1] 3 ~o-——— 
MIC 
1000p Cexl9 
0.068u 
t—— 2 0 


Rex17 560K 0-68u 
—fexdg 0.47 


SPSW SW2 (SP) 













Cex2 0.47u 

{t-—-——— 6 ILDET 
Pex] 
160K 

BRIDGE] ; 
Rexl5 10 

BRIDGE2 
Rex2 200K 
Cex3 6800p 

i ALC 
Rex 3 13K 


Vsp ALT 


BIPS 







GND2 







Ll 











VSP 


COMP 







SP OUT 


Melody SP IN 







a BUFF OUT 


















Catis- 0.47u 


DTME : Cenit ‘S.2u 


Ic 


BUFF IN 


REC] 


REC 2 


Cex5 Cex6-1] 


0.047 


(TOP VIEW) 


Note) @) Pin must be separated with other GNDs and be connected to 


L2 directly, Unit & (Q) 
ae 


External Components are only for reference, 
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DTMF SUPPLY VOLTAGE VS, LINE CURRENT 
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DTMF GAIN VS, LINE CURRENT 
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Appendix III. Instruction Set of the HD6305 Family 


Meanings of Symbols and abbreviations in the instruction set are as follows. 


(1) Operation 


( ) 


> 


xl @® < > 


Contents 

Data transfer direction 
Addition 

Subtraction 

AND 

OR 

Exclusive OR 


NOT 


(2) Register symbols in MCU/MPU 


A 

x 
SP 
CCR 


Accumulator A 
Index register 
Stack pointer, 6 bits 


Condition code register 


(3) Contents of bits 0 through 4 of condition code register 


CG 


mH 2 N 


Carry - borrow bait 0 
Zero bit. 1 
Negative | Dist .2Z 


Interrupt mask bit 3 
Half carry from bit 3 to bit 4 bit 4 


(4) Memory and addressing codes 


M 
M+1 
IMP 
Rel 


Stored address 

Stored address M plus 1 

Implied addressing 

Relative addressing 

Accumulator addressing 

Index register addressing 
Immediate addressing 

Direct addressing 

Extended addressing 

Indexed addressing 0 byte offset 
Indexed addressing 1 byte offset 
Indexed addressing 2 byte offset 


© HITACHI 
1191 











fore execution of instruction 


wn 
tA 
c(t 
ay) 

(t+ 
ty 


fv 
() 
; 


= 
5 
T 
wo 
}- 
ct 
5 
O 
Fh 
is 
Ss 
i 
“I 
oO) 
un 
Oo 


(6) Symbols in instruction format 


A Accumulator addressing mode 


X 


I 


Index register addressing mode 


n = Bit n of memory (n=7, 6, 5, ..., QO) 


(7) Status of interrupt pin 
INT = Status of interrupt pin (high, low) 


Register/Memory Instructions 





Addressing Modes 
indexed | Indexed | Indexed Boolean/ | Condition 
| | | Arithmetic Code 
| Extended | (No Offset) | (8-Bit Offset) | (16-8 Offset) | Operation 
| 'OP| # | ~|OP| #1 -/oPl a] —| 
B6| 2} 3 {cel 3j 4 















Direct 


| 

Operations | Mnemonic | 
; Immediate | 
! 












C 
Load A from Memory LOA 1AB{ 2 | 2 3 |£6| 2| 4/06) 3; 5,M—A j @| e 
Load X from Memory =| = LOX =| AE] 2/2 /BE/ 2/3 /CE} 3) 4) FE, 1/3 ;€€1 2/4 |DE| 3] 5 | M—x lelelrlale 
Store A in Memory i STA p- |- 1 - 187 2 | 3 |¢7) 3/4 }F7, 1} 4/6712) 410713{51A—mM leleinajale 
e 


Store X in Memory ;  STX | - (BF, 2/3) \CFi 3} 4jFFi 11) 416F! 2/4! OFL3{5|/xX—=M tc @LAIA 


Add Memory to A | AOD teat 2 |BB! 2; 3jcBl 3 | 4 jFB 1/3 1€B! 2 4|08)3|/5;A+M—-A fel ata 


Add Memory and Carry | | 
to A ! aoc jagi 2 | 2 ae 3{c9 al ele 3 aie 4 als 3/5 |A+M+C—-A lafela me 


> 


Subtract Memory SUB ‘AO! 2/ 2: :BO/ 2/1 3 1CO/ 3| 4 1FO; 1 | 3 EO! 2] 4 100) 3} 5 | A-M—A @ieianlaia 
Subtract Memory from | | Pe | ies | 

! 
A with Borrow SBC Pie eee 4|F2|1 3 !e2| 2 





AND Memory to A | AND jA4} 2 | 2 [B41 2/3 /C4i 314 |F4) 1] 3164) 2] 4104) 3])5 1 AAM—A 
OR Memory with A ORA jAA| 2/2 /8Al 2:3 ,CAi 3/4 I FAI 1 5 | AVM—-A 
Exclusive OR Memory | i i 
with A 2 i88) 2/3 ical ai 4 lee) 1 
i oe a 










| 
lo2| 3s! 
4/02|315|A-M—-C—A @l,e@lalala 
| 
i 
















3 |EA| 2| 4 {DAI 3 











Arithmetic Compare A i 


with Memory 


Arithmetic Compare X ae ee 
with Memory i cpx = 'a3} 21 2183121310313. 4iF391 1; 3/63; 2) 410313:51x-M ie 













Bit Test Memory with eS Pa Ie Se IS ee pe lie UE ie, Se ht oe 
| | 
| 


a cr ee ees ee eee eee) (SO ee ee 
A (Logical Compare) 12 :B512/3{c5/3)4:F5!1 ! 31€5/2;4/05;3;5|AAM 


Jump Unconditional 1 JMPO fj tf  1BC} 212 }CC, 3: 3'FC; 112 1€C! 2! 3 !oCc!3{ 4) 'e:eleleie 
Jump to Subroutine i JSR fost '80'2!5 !ep1 3:6 'FO! 1! 5 i€o!l 2! 5 iD0! 31 6 | ;@ieleleie 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of Cycles 
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Read/Modify/Write Instructions 





\ Addressiny Modes i 






















| ee ee ee Condition 
0 p Angexed).; Incexed= 1 Boolean/Arithmet ic | Code 
perations | Mnemonic ; : 
; ImphediA) | Implied(X) | i DOvwect ‘(No Offset) | (8-Bit Offset) | Operation | 
ae ? ’ f ' 4 
| ‘OP! 3 | - OP! si ~ OP! aj - OP! | ~ iOP! zs! -! Tai tl Niztic 
Increment ; INC $C! 1) 213C; 2 | 5 i7¢; | r 
Decrement | pec [4Al1{2!SAj 1} 213aA12: 5/71 
Clear 2;5F! 1 | 2 |3Fi 2: 













Complement 





Negate | Pa a | | | 00-A—A or 00-X—X | _ 


be oe | 
(2's Complement) | NEG | 40] 1 | 2 |sol [2 [aol 2s i70l 1 5 gO) 26 1 anco=M —M eleialala 


Rotate Left Tnru Carry aa 1} 2 39 1 | 2 33) 2 | 5 | 1 ee 6 r g=ee =e G ef] ALA 





Rotate Right Thru Carry ae 36/2 ALATA 
| 
Logical Shift Left ool cb lst 2 38 2/5 is fra} A da A 


> 


! 
Logical Shift Right mae = 1 | 2 = 215 re 11 5 |64 2 | SE STCCRE Ae Soetea a aGEC 
Arithmetic Shift Right C= Fr 2 57] |2 a 2/5 137] 1)5 |67/ 2|6 





Arithmetic Shift Left | 4811/2} 58 1| 2 aa 2| 5 {7811 | 5 (68! 2 | 6 | Equal toLSL lejlela A 


Test for Negative ; | 7 ! Pege | | | | | | 
TST 40) 1/2 ‘so! 1) 2 api 2 | 4!7011 | 4 60! 2 | sil etoaeses or M—00 























or Zero 





Symbols: Op = Operation 
# = Number of bytes 


~ = Number of cycles 
Branch Instructions 


Addressing Modes | : 
| Condition Code 

























Operations Mnemonic Relative Branch Test 

OP; + | ~ 'H; PENI ZC 
Branch Always | BRA 20} 2 | 3 ‘None '@eie@eieieie 
Branch Never | BRN 21 | 2 | 3 !None | ‘@leleleie 
Branch IF Higher | BHI 22 | 2 ' 3 :Cvz=0 eo eleieje 
Branch IF Lower or Same | = BLS 23 | 2; 3 i CvZz=1 ;@;eleleie 
Branch IF Carry Clear | BCC 24; 2 . 3 [C=0 ‘@lele'eie 
(Branch IF Higher or Same) (BHS) 24; 2 : 3 .C=0 ee @'@ i e;e@: eo 
Branch IF Carry Set | BCS 965; 2: 3 °:G=1 ew | e816. 
(Branch IF Lower) - (BLO) 25 {2 i 3 :C=1 -@ieleliele 
Branch IF Not Equal (BNE 26} 2 . 3 'Z=0 Teieielee 
Branch IF Equal | BEQ 27 2 3. BES -e@'e@ @: e:'8@ 
Branch IF Half Carry Clear =| BHCC 28! 2 | 3 :H=0 © @,0e:e,8 
Branch IF Half Carry Set. | BHCS 99:12 :3 H=1 _ nr ae ne ae ee 
Branch IF Plus BPL 2A 2 3 N=0 de i@ieie ee 
Branch IF Minus BMI 2B. 2 3 N=! a /@. ooee 
Branch IF Interrupt Mask | | ; . . | 7 
Bit is Clear BMC 2C'! 9. 73: 420 © e:e,08 e 
Branch IF Interrupt Mask | | ae . 
Bit is Set | BMS 20% 2 3 eee e eoeee 
Branch IF Interrupt Line - og oo 
is Low BIL | 2E 2 3 -INT=O ec eee 
Branch If Interrupt Line | ae: | oe ae 
is High 'o 3 int] eee 


Branch to Subroutine 


Symbols: Op 


= Operation 
# = Number of dvtes 


Number of cycles © HITACHI 
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ation Instructions 





'. Addressing Mod ve 
| Soe cee Boolean/ 


4 
: ; . Condition Code 
Operacions | Mnemonic Bit Set’Clear Bit Test and Branch | Arithmetic Branch 
! Operation | Test |} 
OP | 2);~: OP j sj -. ;H; |, NE ZC 
Branch IF Bitn is set | BRSET nir=0--7)|. — -i-; Qn 13 St —  |Mn=1 -@ @:0;0;7% 


Branch IF Bit n is clear | BRCLA nin=0--7){| — | — | - ;01+2-n| 3 5 — |Mn=0 [|e@ie:e,e;* 
Set Bit n BSET nin=0---7) | 10+2-n{/ 2/5! - |-|-[1-Mn | —— (ee elejele 


Clear Bit n BCLR nin=0--7) 11+2-n[ 2/5) — | -|-—|0—Mn — jie'eieleje 


1 


Symbols: Op = Operation 
# = Number of bytes 
~™ = Number of cycles 


Control Instructions 


Addressing Modes 









Condition Code 




























Operations Mnemonic Implied Boolean Operation 

IEA 
Transfer A to X . TAX 1 2 | A--x ® | @ | e\;ele 
Transfer X to A | TXA | OF | 1 | 2 | XA lelelelele 
Set Carry Bit SEC 99 |. 1 1 {1-C |ele;e/e;1 
Clear Carry Bit CLC 98 | 1 1; O-—C @ej,e;ele:0 
Set Interrupt Mask Bit =| = SEI. = | 9B | 1 | 2 | 11 Feltleleje 
Clear Interrupt Mask Bit | = CLI gaf1: 2/fo4  ——siFe ff el ele 
Software Interrupt Swi i 83/1 | 10 | Pe] 1] ejele 
Return from Subroutine | ATS avy [8] —SsS—SsSSSC# fw fe Vw fe 
Returh from Interrupt ari__| 80 ARAKI 
Reset Stack Pointer | RSP 9C 1 2 | $FF—SP |@eleieleie 
No-Operation NOP | 90 | 1 ; 1. | Advance Prog. Cntr. Only eieieie '@ 
Decimal Adjust A DAA | 8D | 1 | 2 | SQaverts binary add of BCD charcters into pe@lelalata® 
Stop joe ae ae |eleieiele 
Wait 1 





b 
° 

e 
e 
@ 





Symbols: Op = Operation 
# = Number of bvtes 
= Number of cveles 


* Are BCD characters vf upper byte 10 or more? (They are not cleared if see in advance.) 
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Operation Code Map 


st eae a Head Mocity Wvate Control | Register / Memory 
Test & Set; ; | 


; a ee ae 
: \ i | : ' i 
Branch | Clear | Rel | DIR| A | X |.X1' XO] IMP! IMP /IMM/ DIR 
C2 te Ue aes 

















i 
‘ 








EXT 





















O' BRSETO , BSETO - BRA | NEG DATO eae SUB | O 
1. BRCLRO = BCLRO : BRN | - ‘RTS*}; — | CMP 1 1 | 
2' BRSET1 | BSET1 ; BHI | | | SBC 2 | 
3; BRCLR1 | BCLR1 | 34 
@\ BRSET2 | BSET2 | = meer 
5 BRCLR2 ! BCLR2 | | | | | 5 | 
6 | BRSET3 i | | 6 
' 77; BRCLR3 | | Z | 7 | 
| 8! BRSET4 | BSET4 | BHCC | LSL/ASL i — | CLC| EOR 8 | 
'9| BRCLR4 | BCLR4 | BHCS | ROL | — 1 SEC| ADC 9 
i A| BRSET5 | BSETS | BPL | DEC ; — | CLIe ORA A | 
/B| BRCLRS | BCLR5 {| BMI ss ' — | Sele ADD | B 
;C | BRSET6 | BSET6 | BMC | INC | — |RSP*| — JMP(—1) | C | 
(DT eActRe | | 
|! BRSET7 | BSET7 { BL; _ ‘stop’! — LDX | E | 
'F | BRCLR7 ! BCLR7 | BIH | CLR ‘WAIT TXA’) — | STX STx(+1] F | 
( 63/5 2/8 2/8 2/8 5.1/2 11/2 1 2/61 1/5 | 17° | 1/1 | 2/2 | 2/3 | 3/4 | 3/56 | 2/4 | 1/3 
(NOTES) 1. "-'" is an undefined operation code. 


2. Lowermost numbers in each column represent a byte count and the 
number of cycles required (byte count/number of cycles). 
Number of cycles for asterisked (*) mnemonics is as follows: 


RT1 8 TAX Z 
RTS .) RSP 2 
SWI 10 TXA 2 
DAA Z BSR 2 
STOP 4 
WAIT 4 


3. Farenthesized numbers must be added to the cycle count of the 
particular instruction. 
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NOTES 
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